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PREFACE  TO  THE  SIXTH  EDITION. 


The  changes  and  atklillons  in  this  work,  as  successive  editions  have 
been  issued,  have  been  confined  ni^inlj*  to  physics  and  physiology  and 
theiic))arlment  of  nervoa»  diseases,  where  electridty  has  wrought  its  best 
results.  While  this  agent  is  far  from  being  a  panacea,  yet  its  increas- 
ing range  of  usefulness  in  metlicine  may  be  best  iiiustfated  by  reference 
to  these  various  additions.  In  !he  second  edition  the  chapters  on  Elec* 
tro-rhysica  and  Physiology  were  largely  rewritten  ;  the  method  of  cen* 
tral  galvanisation  described  and  illustrated,  electro-surgery  more  fully 
treated,  ai^d  tlie  relation  of  electricity  to  the  diseases  of  childrei)  and  of 
the  >kin  considered  in  detail.  In  the  third  edition  were  given  the  highly 
latisfactory  results  follovving  the  treatment  of  exophthalmic  goitre  by 
galvanization  of  the  sympathetic,  and  of  some  of  the  sequela;  of  acute 
dtaeases  by  general  faradization.  The  chapter  on  Electro-Diagnosis 
also  was  largely  rewritten.  A  fourth  edition  was  rendered  necessary 
hv  n  revival  of  the  of  Frankhnic  electricity,  due  to  vastly  impTov^d 
appbanccs  *Tid  contained  also  the  extraordinary  results  following  the 
application  of  dynamic  electricity  to  cases  of  extra-^uterine  pregnancy* 
The  fifth  edition  discussed  facts  hitherto,  and  even  now,  but  little 
Appreciated,  concerning  the  induction  coil,  it*  varieties,  and  ihe  dif- 
ferential indications  for  their  use.  These  statements  the  author  deems 
worthy  oi  careful  consideration^*  and  believes  that  furlher  experience 
Will  result  in  still  more  important,  as  well  as  n;ore  definite,  deductions. 
VVdhin  the  past  two  or  three  years  Apostoli,  of  Paris,  has  by  his  ex* 
pennicnts  and  the  results  that  he  has  succeeded  in  obtaining,  greatly 
enlarged  the  domain  of  electricity  in  gynecology.  The  revision  in  the 
present  edition,  thercforej  has  been  n>ainly  restricted  to  this  subject,  and 
ihc  chapter  on  the  Diseases  of  Women  almost  entirely  recast.  The 
methods  through  which  these  better  results  in  g)'necolog>'  are  obtained 
do  but  contirm  the  truth  of  the  observation  made  in  the  Preface  to 
the  third  edittont  to  ihe  etfcct  that  the  real  scientific  basis  for  the  use 
of  electricity  in  medicine  and  surgery  is  found  in  electro-physic*  more 
than  in  electro-physiology. 

A.  D.  ROCKWELL, 

46  East  T>rrRTY-rtRST  Stxkst,  New  York. 


PREFACE  TO  THE  FIFTH  EDITION. 


A  FIFTH  EDITION  of  this  treatise  is  called  for,  but  I  find  it  necessary 
to  add  comparatively  little.  The  few  pages,  however,  that  have  been 
inserted  in  Chapter  VII.  (division  of  Electro-Therapeutics),  on  the 
"Induction  Coil:  Its  Varieties,  and  the  Differential  Indications  for 
their  Use,"  are  important  and  worthy  of  careful  consideration. 

While  none  of  the  facts  in  physics  there  presented  can  be  said  to  be 
new,  yet  there  has  been  no  general  appreciation  of  them,  and  but  little 
knowledge  that  such  facts  existed,  even  among  those  who  have  been 
endeavoring,  in  a  blind  sort  of  way,  to  utilize  them.  As  to  the  few  state- 
ments that  are  made  along  the  line  of  therapeutics,  the  most  that  I 
can  say  of  them  is  that  they  are  the  result  of  much  experience  and 
of  very  many  carefully  recorded  observations.  If  presented  with  any 
measure  of  clearness,  they  should  be  of  service  to  those  who  are  in- 
terested in,  but  have  given  little  thought  to,  the  matter.  These  addi- 
tions, together  with  a  brief  discussion  of  the  subject  of  chronic  pelvic 
cellulitis  in  its  relation  to  electricity,  and  a  description  of  the  method 
for  the  permanent  removal  of  superfluous  hairs,  comprise  most  that  is 
important ;  and  a  new  edition  is  again  offered  to  the  profession  in 
the  belief  that,  aside  from  that  considerable  portion  original  with  the 
authors  and  peculiar  to  this  work,  it  also  comprehends  all  else  of 
real  value  pertaining  to  the  subject 


PREFACE  TO  THE  FOURTH  EDITION. 


It  is  with  mudi  satisfaction  that  Dr.  Rockwell  offers  lo  the  profession 
a  fourth  revised  edition  of  this  work.  When,  with  the  late  Dr.  George 
M.  Beard,  he  first  sent  it  forth  upon  its  mission,  a  pioneer  in  a  neg- 
Icclc^  arid  perhaps  despised  department  of  medicine,  it  was,  both  on 
the  pari  of  authors  and  publishers,  with  some  misgivings  as  to  its  suc- 
cess. While  ihe  measure  of  its  nierils  as  a  ^ide  in  the  department  of 
which  i!  treal5  may  fall  far  below  the  generous  reception  accorded  to 
it,  both  at  home  aoJ  abroad,  the  fact  that  each  successive  edition  has 
been  exhausted  more  rapidly  than  its  predecessor,  notwithstanding  the 
widening  literature  of  the  subject,  affords  ample  encouragement  for 
further  revision. 

The  chapter  on  FrankUnic  Electricity  has  been  entirely  rewritten. 
This  was  rendered  necessary'  by  the  many  improvements  in  apparatus 
and  appliances,  and  its  great  value  as  an  adjunct  or  supplement  to 
dynamic  electricity.  But  perhaps  the  most  important  of  the  new  mat- 
ter thai  has  been  introduced  relates  to  the  experience  of  the  author  In 
the  treatment  of  Extra-Uterine  Pregnancy. 

Fonncrly,  as  is  well  known,  these  cases  resulted  either  in  immediate 
death,  through  nipture  of  the  distended  tube,  or  in  protracted  suffering, 
with  frequently  a  fatal  ending,  through  the  efforts  of  nature  to  rid  itself 
of  the  foetal  mass.  The  only  other  alternative  was  the  knife,  with  its 
attendant  dangers.  By  the  method  described,  however,  and  used  with 
such  complete  success  in  every  instance,  this  abnormality  of  pregnancy 
need  not  in  the  future  be  regarded  as  such  a  dreaded  complication  as 
it  has  been  in  the  past. 

Extra-Uterine  Pregnancy  is  doubtless  more  frequent  than  is  generally 
supposed,  and  because  of  the  difficulty  of  an  early  diagnosis,  death  fre- 
quently occurs  without  any  previous  knowledge  of  ihe  existing  condi- 
tion of  affairs.  Il  behooves,  therefore,  every  practitioner  to  be  on  the 
alert  for  this  condition  in  its  earlier  stages,  when  this  method  of  treat' 
nent  is  so  efficacious. 


PREFACE  TO  THE  THIRD  EDITION. 


In  issuing  a  third  edition  of  this  work  I  have  endeavored  to  make 
such  additions  as  seemed  necessary,  and  at  the  same  time  avoid  an 
increase  in  size.  This  has  been  accoiiiplished  by  condensing  wherever 
possible,  and  omitting  portions  here  and  there  which  have  served  their 
pun)ose  and  are  no  longer  of  value.  Two  new  chapters  on  the  Sequels 
of  Acute  Diseases  and  on  Exophthalmic  Goitre,  respectively,  have  been 
inserted,  while  several  pages  in  the  discussion  of  Electro-diagnosis  have 
'been  omitted,  and  the  space  occupied  by  later  and  more  exact  ^infor- 
mation. The  chapter  on  Diseases  of  Women  has  been  revised,  and 
the  clinical  additions  will  be  found  interesting  and  suggestive,  while  in 
the  discussion  of  Midwifery  the  complication  of  Extra-Uterine  Preg- 
nancy is  fully  considered. 

These,  together  with  many  other  changes  and  brief  additions 
throughout  the  work,  have,  it  is  believed,  materially  enhanced  its 
practical  value. 

The  position  of  electricity  in  the  front  rank  of  sedatives  and  tonics, 
and  the  pre-eminent  value  of  the  methods  of  general  faradization  and 
central  galvanization,  as  means  of  obtaining  the  full  measure  of  these 
effects  (claims  in  regard  to  which  the  authors  of  this  work  once  stood 
alone),  have  now  been  so  long  confirmed  by  expert  observation  in  this 
country  and  Germany  that  extensive  demonstration  of  these  propo- 
sitions by  cases  is  less  needed  than  fonnerly. 

In  regard  to  the  theory  of  Dr.  Thomas  W.  Poole,  of  Lindsay. 
Canada,  that  electricity  is  essentially  a  paralyzing  agent,  and  that  its  • 
sedative  and  tonic  effects  are  due  to  its  paralyzing  power,  this  may  be 
said  :  That,  granting  for  a  moment  the  full  claim,  it  yet  remains,  that 
practically,  we  do  obtain  from  the  use  of  electricity  sedative  and  tonic 
effects  similar  to  those  which  we  obtain  from  a  vast  number  of  other 
remedial  agencies.    Allowing  that  these  effects  are  resultants  of  a 


paralyzing  infiucnce  it  is  iione  the  less  justifiable,  on  scienHfic  and 
practical  grounds,  to  use  the  terms  scdativ'e  and  Conic. 

The  Anal  rationale  of  no  work  or  remedial  force  of  any  kind  is  coni- 
l>letrly  Icnown  lo  science,  an{l,  for  jiractical  uses,  it  is  not  necessary 
that  it  should  be  ;  we,  perhaps,  know  as  much  of  the  rationale  of  elec- 
iricity  as  of  any  agent  that  we  use  for  the  cure  of  disease. 

The  more  thoroughly  one  stiulies  electro^therapeutics  in  all  its  re- 
]atioDs»  medical  and  surgical,  the  clearer  it  becomes  thai  the  real 
scicntiiic  basis  for  the  use  of  electricity  in  medicine  and  surgery  is 
found  in  electro-ijliysits  more  than  in  e!ecEro-j>hysio1ogy  ;  and  for  that 
reason  it  did  not  eeeni  wise  to  very  much  abbreviate  the  portion  ot 
this  work  altotted  lo  that  departments  The  rationale  of  general  fara- 
dixation  and  central  galvaniitaiion,  for  example,  can  only  be  under- 
stood by  those  whi>  have  grasped  the  elementary  principles  of  electro- 
■■ysics,  the  laws  of  resistance  and  condiictsbility,  and,  above  alii  the 
aw  of  Ohm,  to  wliieh  we  have  assigned  a  special  chapter.  Those  who 
hav€  been  onci?  well  grounded  in  these  laws  of  electro-jihy^ics  find  that 
the  vaiious  fi])t^cial  problems  that  arise,  whether  of  a  theoretical  or 
jiractical  character,  very  quickly  resolve  themselves. 

Now  tjiat  electricity  has  become  popular  in  medicine,  there  is*  in 
some  ^juarters,  a  temptation  to  overdo  the  application,  not  only  in 
sticngdi  but  in  length  and  frequency  ;  to  treat  all  cases  alike  by  rou- 
tnact  mechanical  applications,  regardle.ss  either  of  the  disease  or  the 
idtoiyncrasies  of  the  paiient  ;  hence,  in  cases  not  a  few,  come  results 
citlier  negatively  or  temporarily  injurious,  with  disappointment  on  all 
sid«s. 

The  dosage  of  electricity  is  a  special  study  of  the  greatest  practical 
importance  i  the  difference  in  result  between  a  verj,-  gentle  and  short 
application  and  a  very  strong  and  protracted  one  beings  in  some  cases, 
aiJ  the  diftcrence  between  agreeable  success  and  painful  failure. 

Thcie  are  |>crsons  who  uutst  be  treated  not  only  u>ildly  but  at  long 
intervals,  And  there  are  |>ersonfi  with,  perhaps,  the  same  maladies  that 
can  bear  with  advantage  powerful  and  frequent  applications;  to  dis- 
tinguish between  these  classes  and  the  various  gradations  that  lie  be- 
tween thtt  exireraes  of  tolerance  and  of  susceptibility  is  the  first  duty, 
ami  oftentimes,  the  har<lest  study  of  him  who  makes  much  use  of 
electricity  in  tvedicine. 
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PREFACE  TO  THE  SECOND  EDITION. 


A  FEW  weeks  after  the  publication  of  the  first  edition  of  this  work,  in 
1871,  we  were  informed  by  the  publishers  that  a  new  edition  would  be 
called  for.  From  that  time  to  the  present  moment  much  force  has 
been  expended  on  the  thorough  revision  of  the  work  in  all  its  depart- 
ments. As  much  time  and  toil,  it  is  safe  to  say,  have  been  given  to  this 
edition  as  to  the  first ;  and  the  work  as  it  now  stands  represents  our 
accumulated  and  thoroughly  sifted  experience  from  our  entrance  upon 
this  specialty,  as  well  as  a  full  and  exhaustive  r€sum€  of  all  that  has 
been  accomplished  by  other  authorities  everywhere. 

About  one  year  ago,  while  this  edition  was  in  press,  we  amicably  dis- 
solved the  professional  association  that  had  existed  for  six  years,  and 
during  which  all  our  writings  on  this  subject  had  appeared.  This  dis- 
solution of  our  business  relations  has  not  affected  the  present  work 
except  so  far  as  to  delay  somewhat  its  publication. 

The  success  of  the  first  edition  of  this  work  has  far  surpassed  our 
highest  hopes  ;  and  our  belief  is  that  it  may  have  done  something  to 
raise  the  standard  of  electro-therapeutics  as  well  as  to  popularize  it 
More  than  a  year  since,  the  work  was  translated  into  German  by  Dr. 
Vater,  of  Prague,  who  has  confirmed  all  that  we  have  claimed  in  regard 
to  the  efficacy  of  general  electrization,  and  who  has  followed  up  the 
translation  by  a  series  of  elaborate  articles,  didactic  and  clinical,  on 
general  electrization  and  central  galvanization  in  the  Allgemeine 
Wiener  Zeiiung, 

The  use  of  general  faradization  as  a  constitutional  tonic  in  a 
wide  variety  of  affections  is  now  well  established  and  the  effects 
that  we  have  claimed  for  it  have  been  confirmed  in  full  detail  by  com- 
petent observers  at  home  and  abroad.  This  method  of  using  electricity 
has  also  attained  a  wide  popularity,  and  its  introduction  into  therapeu- 
tics may  be  said  to  have  marked  a  radical  and  important  advance. 

The  section  on  Electro-physics  is  much  enlarged.  Observation  has 
convinced  us  that  the  one  great  defect  in  those  who  practise  electro* 
therapeutics  is  ignorance  of  the  physical  relations  of  electricity.  From 


PREFACE  TO  THE  SECOND  EDITION. 


source  flow  at  least  hai  the  blunders,  discouragements,  and  \]\ 
tuccess  that  novices  in  this  branch  so  painfully  experience*  The  undu 
latory  theory  of  the  electrical  force  that  is  adopted  in  this  edition  is.  so 
Ux  as  can  now  be  seen^  consistent  and  tiarmonious,  and  it  explains 
better  than  any  other  theory  the  varied  and  complex  phenomena  o( 
tlcclTO-physiology  and  electro-therapeutics. 

The  chemistry  of  the  batteries,  it  will  be  seen,  is  explained  in  full 
ilt  and  in  accordance  with  recent  chemical  facts  and  nomenclature* 
To  Ohm's  Law,  at  once  so  important  and  so  difficult,  a  separate  and 
special  chapter  has  been  assigned  ■  and  no  eflbrt  has  been  spared  to 
En&ke  it  clear  in  all  its  practical  relations  to  all  trained  minds  who  will 
give  it  close  and  careful  attention. 

In  the  preparation  of  the  section  on  Electro-physics  we  have  been 
&vorcd  with  the  advice  and  suggestions  of  a  number  of  our  most  dis- 
guished  physicists  and  mathematicians ;  and  especially  are  we  indebt- 
toProf.  Henry  T.  Eddy,  of  Cincinnati,  who  has  interested  himself  in 
iIm  attempt  here  made  to  put  the  most  recent  theories  and  facts  of 
electro-physics  in  a  shape  at  once  clear,  compact,  and  trustworthy. 

The  need  of  a  section  of  this  kind  has  been  most  urgent,  for  the 
trrackses  on  the  physics  of  electricity  that  have  been  most  accessible 
are  either  far  behind  the  lime  or  have  been  expressed  so  blindly 
u  to  be  of  little  value  to  eleGlro-therapeiitists.  Even  the  best  of  the 
mon  recent  writers  on  the  physics  of  electricity,  as  Fleuiing  Jenkins^ 
tod  I^timcT  Clarke,  have  not  adapted  their  works  to  the  wants  of  those 
who  use  electricity  in  therapeutics. 

Electro  physiology  13  largf^ly  rewritten  and  considerably  enlarged 
It  includes  a  large  number  of  our  own  experiments,  mostly  made  dur- 
ing the  past  three  years,  as  well  as  a  compact  r^sumlS  of  all  the  more 
recent  studies  in  this  branch  by  European  and  American  observers. 
The  general  relation  of  elecrro-physiology  to  electro-therapeutics  has 
been  brought  into  prominence  at  every  point. 

The  method  of  centrai  gshamzafion  that  we  have  systenaatized  and 
mtifKluced  to  the  profession  since  the  publication  of  the  first  edition  is 
bete  described  and  illustrated  in  full  detail.  The  great  practical 
advantages  of  this  method  of  galvanization  over  localiz-ed  galvanization 
of  the  nerve-centres — and  '.n  many  cases  over  general  faradisation — are 
already  weU  understood  b)  many  of  otir  leading  electro-therapeutists. 

There  are  now  introduced  into  science,  six  methods  of  using  electrL 
dty  for  the  .  treatment  of  disease;  localized  faradization  and  localized 
^vanization,  general  faraduation,  central  galvanization,  and,  in  electro 
Birgeryj  electrolysis  and  galvano*cautery. 


In  the  chapter  on  Apparatus  we  have  endeavored  to  represent  vntTi 
fairness  and  impartiality  the  best  workmanship  and  the  mnst  recent 
improvements.  The  fact  of  the  superiority  of  continuous  over  separate^ 
coil  Faradtc-machtnes  in  the  treatment  of  sensitive  patients  is  here  for 
the  first  tinie  brought  out  and  emphasized, 

A  new  chapter  on  General  Suggestions  has  been  added,  in  which  the 
attempt  has  been  made  to  aniswer  in  detail  the  various  practical  queries 
that  50  annoy  the  beginner  in  elcctrO'dierapeutics* 

In  the  section  on  Electro-surgery  the  principles  of  galvano-cautery, 
of  ordinary  electrolysis,  and  of  thL*  method  of  elcctrolj'sis  of  the  bnse 
have  been  described  and  illtistrated,  and  in  the  cUnical  portions  all  varie- 
ties of  results  have  been  presented  from  a  very  large  experience  in  ihis 
department,  st>  that  one  may  learn  both  what  can  be  done  and  what 
cannot  be  done  by  electricity  in  surgical  diseases. 

In  the  clinical  part  of  elcctro-nvedicine  a  number  of  entirely  new 
chapters  have  been  added,  and  all  of  the  chapters  have  been  recast, 
The  number  of  cases  has  been  increased  nearly  twofold,  the  failures 
and  successes  being  fairly  represented. 

We  may  call  especial  attention  lo  the  chapters  on  Diseases  of  the 
Skiw,  wherein,  besides  many  other  cases,  are  detailed  the  remarkable 
results  of  central  galvanization  in  chronic  ecrema  and  prurigo,  and  to 
the  chapter  on  Diseases  of  Children,  in  which  are  recorded  the  results 
of  experiments  In  the  treatment  of  whooping-covigh,  marasnms,  and  de- 
bility, and  also  the  fact  of  the  remarkiible  tolerance  of  childhood  to 
electricity.  Since  the  piiblicalion  of  the  first  edition  a  number  of  excel- 
lent works  on  nervous  diseases  have  appeared,  and  foi  that  reason,  as 
well  as  for  lack  of  s]>ac<^,  the  systenmtic  remarks  on  certain  diseases 
have,  in  this  edition,  been  mostly  omitted,  save  some  special  points 
wherein  our  views  differ  from  those  generally  adopted. 

Although  [he  work  is  considerably  enlarged  yet  this  enlargement  is 
due  more  to  tlie  addition  of  new  matter  than  to  the  retention  of  old.  If 
^ere  are  any  who  object  to  the  size  of  the  work,  who  seek  for  short 
and  readv  methods  to  the  science  and  art  of  electro  therapeutics,  who 
despise  and  deride  the  physical  and  physiological  relations  of  electricity^ 
and  who  suppose  that  he  who  has  held  two  sponges  on  a  padent  has 
compassed  the  whole  of  electrology*  we  can  only  reply  that  it  is  not  for 
such  that  this  book  was  written,  and  we  hope  that  nothing  we  may 
write  will  encourage  the  increase  of  physicians  of  that  character.  The 
ld'*tl  of  every  electro-therapeutist — certainty  of  every  one  who  gives  the 
subject  special  attention — should  be  to  become  an  electrologisi,  that  is, 
to  be  a  master  of  electricity  in  its  physical  and  physiological  as  well  u 
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its  purely  diagnostic  and  therapeutic  relations ;  for  all  such  this  edi 
tion  is  designed  to  be  a  work  of  exhaustive  reference.  Those,  how 
ever,  whose  aims  are  lower  will  here  find  the  purely  practical  and 
clinical  department  clearly  presented  by  a  large  variety  of  illustrations  of 
the  various  methods  of  application,  and  by  details  of  more  than  two 
hundred  cases,  including  every  type  of  medical  and  surgical  disease,  for 
which  electricity  by  any  method  of  application  has  been  used  with  any 
encouraging  results. 

To  those  who,  since  the  first  edition  of  this  work  was  out  of  press, 
have  grown  weaiy  in  waiting  for  the  long-promised  appearance  of  the 
second  edition,  we  may  express  the  hope  that  they  will  find  in  the 
present  treatise  sufficient  evidences  of  original  experience  and  research 
to  fully  account  for,  if  not  to  justify  the  annoying  delay. 
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The  object  of  this  work  is  to  present,  in  a,  compact,  practicaJ  form, 
all  that  is  uow  known  on  the  application  of  electricity  to  the  treatment 
of  disease.  The  aim  of  the  authors  has  been  to  combiiie  their  own 
extensive  and  varieci  researclies  with  localized  and  general  electriza- 
tion, and  the  labors  of  all  other  recent  explorers  in  electio^therapeatics, 
in  a  summary  which  should  be  at  once  jiractical  and  exhaustive,  and 
which  should  represent  with  strict  impartiality  all  diat  has  been  really 
siccompUshed  in  this  department  by  every  sdiool,  in  every  countr)*,  and 
by  all  methods 

For  this  undertaking  the  authors  have  been  prepared  by  an  experi- 
ence acquired  in  more  than  lo^ooo  applications  of  electricity  in  a  wide 
variety  of  morbid  conditions,  and  by  personal  observation  of  the 
methods  and  the  results  of  tlie  recogniz^ed  leaders  in  this  important 
field  of  science. 

For  convenience  of  reference,  and  in  order  to  avoid  repetition  and 
confusion,  the  work  is  divided  into  Mkctro-Physks^  MhctrG-PhysioIogy^ 
BUcirQ'TherapeuticSt  and  E/e£tnhSurgery^  It  is  believed  that  by  this 
arrangement  the  work  will  be  more  acceptable  botli  to  the  majority 
who  seek  to  consult  the  distinctively  practical  portions,  and  to  tiie  few 
who  may  desire  also  to  investigate  tlie  subject  cf  electricity  in  its 
physical  and  physiological  relations. 

General  electrisation^  which  the  authors  were  the  first  in  the  profes- 
sion to  systematically  investigate,  is  here,  for  the  Eirst  time,  described 
and  illustrated  in  systematic  detail  of  its  modus  operandi  and  its  very 
remarkable  effects  in  conditions  of  debility. 

The  general  differentiai  indications  for  the  use  of  the  two  cur- 
rents and  for  the  use  of  localized  and  general  applications,  we  have 
Bought  to  distinguish  and  elucidate  by  logical  deductions  Irom  the 
known  principles  of  electro-therapeutics,  and,  above  all,  frora  extend- 
ed experimental  comparison.  The  knowledge  of  electro-therapeutical 
anatomy,  whicli  is  so  essential  for  an  intelligent  electro-diagnosis  in 
therapeutics,  we  have  endeavored  to  facilitate  by  concise  and  explicil 
illustrations.  The  drawings  for  illustrations  of  tlie  different  methods 
of  ekctrij&ation  were  made  from  photographs  taken  during  the  applica* 
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In  the  selection  and  detailed  description  of  apparatus,  both  the  t2Jtei 
of  ibe  specialise  and  tlie  imperadve  needs  of  the  general  praciitionei 
have  been  constantly  borne  in  mind  ;  ajiU  while  nearly  all  the  most  ini' 
proved  forms  of  niachiiK-s  for  both  currents  have  received  notice, 
miiiutc  description  and  illustration  have  been  reserved  only  for  those 
that  experience  has  shown  unite  in  the  highest  degree  the  qualities  of 
convenience  and  compactness,  with  accessibility  and  unifonnity  of  ac- 
tion. When  we  began  our  experiments  in  this  department,  thfere  wai 
in  ihla  country  no  satisfactory  apparatus  either  for  the  faradic  or  the 
galvanic  current,  and  for  this  reason  our  early  ohservaUons  were  made 
under  exceeding  disadvantages. 

The  difficulty  has  for  a  number  of  years  bet-Ti  partly  met  by  the 
electro  magnetic  apparatus  of  Kidder^  which^  for  all  the  essential  qual- 
ities required,  is  as  yet  unsurpassed-  We  early  became  convinced  that 
scientific  electro4herapeulics  required  also  a  galvanic  apparatus  which 
should  be  at  least  more  compact  and  more  portable  than  those  which 
had  been  usually  employed,  and  that  to  be  forced  to  depend  on  appa- 
latus  of  foreign  construction  would  both  retard  the  progress  and  prac 
tically  prohibit  the  popuiarjiatum  of  electro-therapeutics.  Amid  many 
dhcourageraents  which  only  tliose  who  have  pursued  similar  investiga- 
rionn  can  well  appreciate  we  have  striven  to  overcome  this  serious  evil 
and  to  prepare  a  galvanic  apparatus  which  should  be  both  simple  and 
endiuiug*  and  which  could  be  used  at  the  bedside  as  well  as  in  the 
hospital  or  consuUing-room,  Through  the  skill  and  intelligence  of  the 
mechanician  above-mentioned,  we  are  now  able  to  present  an  appa- 
ratus for  the  galvanic  current  which,  if  not  on  the  one  hand  so  com- 
pact, or  on  the  other  so  elaborate  as  others  to  which  we  have  called 
atteniion,  is  yet,  in  the  wide  variety  of  size  and  shape  of  which  it  is 
capable,  m  the  simplicity  of  its  construction,  and  the  ease  of  its  man- 
agement, perhaps  even  better  fitted  to  supply  the  general  want. 

^ie^trihsurgery^  though  a  young  and  as  yet  but  little  developed 
branch  of  elcctro-thcrapeuucs,  is  yet  of  such  intrinsic  importance  and 
interest,  and  &o  fruitful  in  promise  for  the  future,  that  it  has  been 
med  worthy  of  separate  and  special  consideration. 
In  liie  preparation  of  the  detailed  and  statistical  reports  of  cases,  we 
have  sought  to  give  a  picture  that  shall  be  so  accurate,  and  so  true  to 
experience,  thai  it  may  be  unfailingly  recognized  by  all  those  who  pur- 
mc  a  similar  line  of  experiment  The  somewhat  deserved  reproach 
insl  clecirO'lherapeutists,  that  they  publish  only  their  most  fortunate 
reiults,  we  have  endeavored  to  avert  by  giving  prominence  lo  failuret 
ai  well  as  to  successes ;  by  tooting  relapses  as  well  as  pennanent  re 
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coveries.  We  have  been  ngt  uiiiiiin<^ful  of  the  fact  that  statistical  re 
ports  of  the  results  of  any  method  of  tieatnient,  however  conscien. 
liously  pri?pated,  must  be  at  best  incomplete,  anJ  to  a  certain  extenl 
iUusory.  Ther^pcuUcs  is  always  a  subject  of  vast  complications,  ll 
h  probabk  that  in  some  of  the  cases  reported  as  absolute  or  appron- 
inate  rccovrcrics^  nature  and  litiie,  and  in  a  few  instances,  perhaps, 
other  medidnarl  or  hygienic  treatment  t>ore  as  large  a  share  as  ihe  ap- 
plicatkins  themselves.  We  have,  however,  endeavored  to  make  aUi 
proper  allowances  for  the  influence  of  these  various  factors  ;  and  in 
the  few  exceptional  cases  where  medicinal  h^s  been  combined  with 
electrical  treatment,  the  fact  has  been  mentioned,  and  cases  of  posi- 
tive doubt  have  been  excluded  from  consideration.  For  the  study  of 
the  special  eiTiJCts  of  electrical  treatment,  when  used  alone,  we  have 
been  peculiarly  fortunate,  since  the  vast  njajority  of  our  cases  had 
abandoned  medication  before  they  vvere  referred  to  our  care.  On  the 
other  band,  it  is  indiiiputably  true  that  some  of  the  cases  reported  ad 
absolute  failures,  or  as  Unt  slightly  benefited,  were  kept  from  [)erfect 
recovery  by  the  indulgence  of  evil  habits  of  hygiene  ;  and  it  is  fully 
probable  that  some  of  iheiu,  as  well  as  of  those  reported  as  imknown, 
appreciated  the  after  results  of  the  treatment  and  went  on  lo  recovery. 
Stili  further,  it  is  iu  everj'  way  probable  that  sonie  of  the  failures  might, 
by  greater  perseverance  on  the  part  of  the  patients,  have  been  trans- 
formed into  perfect  successes. 

It  is  believed  that  these  various  errors  to  a  certain  extent  counter- 
balance each  other,  and  that  on  the  whole  our  statistical  reports  fairly 
represent,  so  far  as  they  go,  the  legitimate  rcsuUs  of  Itie  electrical 
treatment.  Aud  yet  it  should  be  considered  that  the  majority  of  the 
cases  represented  in  our  statistics  were  both  fong-standing  and  pecu- 
liarly obstinate,  and  there  is  ground  for  the  belief  that  those  who  treat 
milder  and  more  recent  cases  by  the  same  mctliods,  will  obtain  a  larger 
percentage  of  success* 

It  will  be  observed  that  throughout  the  work  these  leading  ideas  are 
kept  constantly  in  the  foreground  as  the  foundation  principles  OD  whicli 
must  rest  the  science  of  electro-therapeutics  i — 

].  That  electrization,  besides  being  merely  a  local  stimulant,  also 
exercises  an  influence  over  general  and  local  nutriiion,  at  once  unique 
and  unrivalled,  and  that  entitles  it  to  the  highest  rank  among  constitu- 
tional tonics. 

a.  That  the  accepted  system  of  making  the  applications  exclusively 
local  is  botli  illogical  and  inconsistent;  that  in  the  use  of  electnciiy, 
as  of  every  other  remedy,  constitutional  diseases  should  be  treated 
constitutionally. 
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^  Thai  the  best  method  of  blinking  the  whole  system  undei  the 
direcl  influence  of  the  current  is  by  general  electrization  as  here  tie 
scribed ;  and  that  by  the  use  of  this  method  the  succesa  of  electro- 
tberjipcuiics  is  Hialerially  etihanccd,  and  its  sphere  very  greatly  widened, 
fto  a»  to  include  a  variety  of  frt;qqent  and  distressing  constitutional 
morbid  conditions,  for  which  merely  locali^ced  electnzation  is  but  im- 
perfectly indicated. 

4.  That,  in  determining  the  influence  of  the  electrical  applications 
,c*>ndilions  of  disease  the  last  ap['cal  must  be  made,  not  to  physics 
Z  U  physiology,  nor  to  pathology,  nor  to  any  d //  wj  reasoning  what- 
ever, but  solely  and  alone  to  clinical  experience. 

To  those  who  adhere  to  the  long  accepted  theory  that  electricity  is 
merely  a  means  for  focal  siiumlaiiuiit  and,  as  sudi^  chic%  indicated  in 
tlte  severe  or  incurabie  conditions  of  paralysis  or  chronic  rheimiatisni, 
or  who  hope  lo  reduce  clcclro-therapcutics  to  an  exact  science  on  the 
basis  of  a  cojnplete  physiology  and  pathology,  the  above  pro[>ositions 
must  seeiu  both  radical  and  erroneous,  and  especially  so  if  they  have 
studied  the  action  of  elccirittiy  on  the  body  merely  by  localized  appli- 
cations. 

llicrefore  with  all  the  ^eater  interest  and  pleasure  have  we  ob- 
served  that,  during  the  last  few  yearr,  there  has  been  in  elcctro-thera- 
pcatical  literature  a  manifest  and  incieasing  tendency  to  abandon  the 
narrow  doctrines  of  Jiierely  local  stimulation,  to  accept  the  fact  which 
ex|>enence  cverj'whL^re  confirm:*,  thai  in  electricity  we  have  an  unsur- 
passed  means  of  improving  the  genera)  nutrition  in  the  immense  va- 
riety of  chronic  morbid  conditions  where  such  results  are  chiefly  indi- 
olcd ;  and  we  express  the  confident  hotie  that  the  abundant  and  varied 
evidence  with  \vhich  in  the  present  work  we  have  been  enabled  to  for- 
thcsc  propositions,  increased  and  enriched  as  it  may  be  by  the  eic- 
!snce  of  the  future,  and  haruioniiing  as  it  surely  mu&t  with  the  gen- 
eral projjrcss  of  scienccj  will  materially  aid  in  bringing  nearer  the  day 
of  iheir  universal  acceptance. 

Ahhough  this  work  is  not  intended  to  be  in  any  sense  a  complete 
guide  10  the  study  of  chronic  diseases  of  the  nervous  system,  yet  some 
general  remarks  on  ihe  nature,  cavisation^  and  the  diagnosis  of  the 
principal  of  these  diseases  have  been  deemed  both  ap|>ropnaie  and 
for  the  twofold  reason  that  such  knowledge  is  necessary  foi 
I...  i[  appreciation  of  the  direcdons  for  the  treatment,  and  also 
very  many  of  the  diseases  here  mentioned— such  as  nervon; 
lA^  Epinal  iryiiation,  neurasthenia,  hypochondriasis,  insoniniii, 
locomotor  ataxy,  muscular  atrophy,  spinal  and  infantile  paralysis,  At 
well  as  some  of  the  varieties  of  neuralgia — have  not  received  in  any  one 
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^pular  CexC-book  the  practical  attention  which  iheir  vast  imparlance 
lu  electro-therapetilics  requires. 

Scjeiitiftc  electro 'therapeutics  requires  scienlific  diagnosis.  He  who 
only  knoivs  how  lo  apply  electricity  is  not  fit  to  do  even  that  Suc- 
cessful results  ill  elcciro-thcrapt^utics  can  be  and  arc  obtained  by  the 
most  ignorant  of  charlatans,  but  to  iatelltgently  report  ihese  successes 
or  make  ihem  of  value  to  scietice  requires  the  best  skill  of  ihc  physi- 
cian. Mere  liand-books  of  electrical  applications  cannot  be  otherwise 
than  injurious  to  icience.  OtJier  conditions  being  the  same,  the  value 
of  reports  of  cases  in  electro -therapeutics  is  in  direct  proportion  to  ihe 
accuracy  and  completeness  of  the  diagnosis.  For  this  reason  it  is  that 
electro-therapeutics  is  the  most  exacting  and  laborious  of  all  the 
special  departments,  for  in  a  certain  sense  it  trenches  on  and  necossi* 
tates  a  knowledge  of  ail  other  departments. 

In  the  strict  sense  of  the  word^  therefore^  the  electro-therapeutist  is 
lO  specialist,  since  his  idea! — which  of  course  he  can  but  imperfectly 
fnlfil — must  be  to  know  somediing  of  every  department  with  which 
electro  therapeutics  brings  him  into  relation.  His  ambition,  like  that 
of  Bacon,  nmst  be  "to  make  all  knowledge  his  province." 

Besides  a  thorough  familiarity  with  the  department  of  nervous  dis- 
casesj  and  especially  with  the  recent  methods  of  studying  them  by  the 
aeslhesiometer,  the  ophthalmoscope,  and  by  electricity,  it  is  necessary 
for  the  eiectro-iherapcutist  lo  avail  himself  of  all  the  advances  that  are 
made  in  the  special  departments  of  gynecology,  ophthalmology,  otol- 
ogy, laryngology,  and  dermatology,  as  well  as  general  medicine  and 
surgery. 

In  respect  to  diagnosis  we  have  ourselves  been  exceptionally  fa- 
vored, since  the  majority  of  our  cases  have  obtained  the  opinion  of  one 
or  more  acknowledged  authorities  in  their  respecrivc  departments. 

That  all  the  special  views  on  the  nature  and  treatment  of  the  db- 
eases  here  mentioned  should  meet  with  universal  acceptance,  is  more 
than  can  be  expected.  Everywhere  we  tread  on  debatable  ground. 
In  regard  to  the  nature,  the  causation,  the  symptorns,  the  general  treat- 
ment, the  divisions  and  the  terminology  of  diseases,  the  choice  of  cur- 
r^niSt  the  methods  of  applications,  the  relative  merits  of  rival  appa- 
ratus,— in  these  and  in  matiy  other  subjects  there  room  for  the 
widest  possible  divergence  of  honest  opinion  among  those  whose  abili- 
ties and  opportunities  entitle  their  opinions  to  the  highest  respect. 
On  all  these  controverted  themes  we  present  nothing  as  a  finality,  noth- 
ing which  we  shall  not  readily  modify  m  the  light  of  sufficient  inductive 
e\  id','nce. 
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CHAPTER  L 

A  KPIOWI.KOGE  or  TKK  PRINCIPLES  OF  ELECTRO-PHYSICS  NECESSARY 
TO  TMK  Et,ECTRO-THEJUPEUTlST— DEFJKITION  OF  EtECTRICnV— 
MAGK£TISM. 

EUctr&-p/iysks  i$  the  science  which  treats  of  cieciriciiy  in  Us  physical 
rdaticns, 

||k  No  one  can  be  a  ma^er  in  electro-eh^rapcurics  ivithout  also  being  a 
^  cnoster  in  electro- physics.  Hence  tt  becomes  necessaiy,  in  a  systema- 
tic treatise  on  electro-therapeutics,  to  present  the  leading  principles  of 
electro-physics,  and  to  point  out  their  practical  bearings  both  on 
dcctro-physiology  and  electro-therapeutics.  This  necessity  is  all  the 
greater  because  electro-j^hysfics  is  the  branch  of  electrology  that  electro- 
llierapeutists  are  most  of  all  disposed  to  neglect ;  and  ignorance  of  this 
department  has  retarded,  and  still  retards,  the  sciL-nlii^c  advance  of 
electro-therapeutics  both  medical  and  surgicaL  It  is  possible  to  make 
happy  hits  in  electro  Uierapetipcs  without  knowing  anything  of  electro- 
physics  or  electro-physiology ;  but  on  the  average,  and  in  the  long  run, 
the  best  results  will  be  obtained  by  those  whq  to  purely  practical  know- 
ledge add  a  thorough  mastery  of  the  scientific  relations  of  the'subject. 

Why  discussed  in  a  Fractkal  Treatise  lil'e  this, — The  necessity  of  i>re- 
ienting  the  leading  principles  of  electro-physics  in  a  practical  treatise 
like  this  is  the  more  imperative  from  the  fact  that,  until  quite  recently 
at  least,  all,  or  nearly  all,  the  text-books  on  physics  in  use  in  schools 
colleges  have  failed  to  represent  the  advanced  researches  and 
ralizatiotis  of  modern  scientists  rn  the  department  of  electricity. 
The  old  hyTWtheses,  that  el  ^ctricity  is  a  single  or  double  fluid,  still  linger 
ii)  otu  centres  of  education,  or  yield  the  ground  but  slowly  ;  and  even  in 
ifaose  works  that  are  fully  up  to  the  times  on  this  subject,  the  special 
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and  practical  bearings  of  electro-physical  principles  on  elecUo-phys* 
iology  and  electro-therapeutics  are  of  course  not  considered. 

To  this  should  bfc  added  the  consideration  that  any  science,  however 
well  acquired,  if  it  be  not  kept  before  the  mind  by  teaching  or  writing, 
or  by  practical  application,  soon  fades  from  the  memory,  or  becomes  a 
mass  of  half-tniths  and  uncertainties.  We  are  therefore  justified  in 
assuming  that  not  one  in  a  hundred  of  those  who  will  consult  this  book 
as  a  guide  in  electro-therapeutics  will  be  so  thoroughly  and  accurately 
informed  on  the  i)rinciples  of  electro-ph3rsics  as  not  to  need,  on  tliis 
subject,  some  compact  treatise  which  shall  serve  as  a  guide  and  reminder 
of  the  leading  facts  and  principles  of  the  science.  To  supply  this  need 
is  the  object  of  this  division  of  our  treatise. 


NATURE  AND  DEFiyiTION  OF  ELECnUCITY. 

« 

Electricity  is  now  regarded  as  a  force  correlated  to  the  other  great 
fifrces  of  nature — heat^  lights  etc, — and^  like  thein^  is  simply  a  mode  of 
motion^ — a  form  of  vibration. 

Although  the  precise  nature  of  these  vibrations  have  not  yet  been 
mathematically  demonstrated,  as  in  the  case  of  light  and  heat,  yet  the 
theory  that  the  phenomena  of  electricity  are  the  result  of  vibrations  has 
much  in  its  favor,  and  it  is  by  no  means  impossible  that  in  the  future  the 
nature  of  these  vibrations  will  be  well  understood. 

In  the  present  treatise,  as  in  all  works  on  physics,  various  terms,  as 
"current,"  "flows,"  "runs,"  etc.,  that  took  their  origin  when  the  fluid 
theory  prevailed,  are  retained  for  the  sake  of  convenience  of  description. 
With  this  understanding  there  is  no  objection  to  their  use. 

Electricity  is  manifested  in  three  general  forms  :  Magnetism;  Stati- 
cal or  Frictional  or  Franklinic  Klectricityy  and  GcUvanism,  or  Voltaic 
or  Dynamical  Electricity. 


MAGNETISM. 

Magnetism. — In  order  to  understand  electricity  in  general  it  is  neces- 
sary to  understand  magnetism,  which  is  one  of  its  manifestations. 
Magnetism,  defined  by  its  phenomena,  is  the  power  which  certain  bodies 
possess  of  attracting  iron.  The  bodies  which  are  observed  to  have  this 
power  are  called  magnetSy  and  are  divided  into  two  classes — natural  and 
crtificiaL    Natural  magnets  consist  of  iron  ore  or  loadstone.  I^oa^V 


5M — POLARITY  OF  MAGNETS, 


ftone  was  first  discovered  in  Magnesia,  in  Asia  Minor,  and  hence  the 
name  magnet  was  derived.  The  compass  was  introduced  into  Eurojie  in 
the  twelfth  century;  but  the  Chinese  are  said  to  have  been  acquaintet^ 
■filh  it  in  the  fourth  century. 

Artifiiial  magnets  arc  usually  made  of  steel  thai  has  been  magnetised 
by  the  galvanic  current  or  by  other  magnets.  Steel  bars  that  have 
been  thus  magnetized  may  be  either  straight  or  bent.  For  convenience' 
sake,  ihey  are  usually  bent  in  the  form  of  a  horseshoe. 

All  substances  are  more  or  less  susceptible  to  magnetic  influence,  but 
iron  is  more  aifected  by  it  than  others.  Experiments  illustrative  of  the 
eifccts  and  power  of  artiticial  magnets  are  so  familiar  that  they  need  not 
be  cited, 

P&larity  cf  Afii^r/s,— The  polarity  of  a  magnet  is  that  peculiar  pro- 
perty by  which  it  manifests  two  opposite  kinds  of  magnetism,  that  are 
t£rt»ed,  relatively  to  each  other,  the  north  and  the  south  poie,  VV^hen  a 
magnetic  needle  is  so  suspended  that  it  can  move  unimpeded  in  any 
direction,  one  end  points  to  the  north,  and  the  other  to  the  south.  If 
the  njagnet  be  disturbed  in  any  way,  and  forced  temporarily  out  of 
position,  it  at  once  an<]  uniformly  returns. 

Polarity  is  a  quality  that  belongs  not  only  to  magnetism,  but  also  tcj 
other  forms  of  electricity,  and  to  light  and  the  other  great  forces. 

The  poles  of  a  magnet  are  always  at  its  endsj  for  here  the  attractive 
power  is  greatest.  This  can  be  demonstrated  by  a  very  sin^ple  experi- 
oaent.  If  a  magnetic  bar  be  rolled  in  a  pile  of  iron-filings,  tt  will  be 
found  that  these  adhere  to  the  bar  most  firmly  and  in  the  greatest 
<|uaniiiy  at  and  near  its  i*oles,  The  quantity  that  adheres  is  less  as  we 
approach  the  middle  of  tlic  bar. 

Neutral  Line, — In  long  bars  there  is  always  a  place  at  the  middle, 
or  near  to  it,  where  no  filings  are  attracted.  This  space  is  variousty 
termed  the  ntutral  or  ma^ftetu  sorte^  or  magnetic  equat&r,  or  p4fini  of 
mdiffcrenee. 


FtG.  I. 


Another  familiar  cjcpcriment  is  to  pass  an  iron  ball,  suspended  by  a 
irrrng  or  thread,  near  to  a  magnet  from  end  to  end.  It  is  observed 
*hai  the  ball      attracted  very  Httle,  or  not  at  all,  in  the  middle,  bur 
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that  the  attractive  power  is  increased  as  we  bring  it  towards  eilher  ena 
If  any  substance  be  placed  between  the  ball  and  the  magnet,  the  at- 
traction 19  just  as  marked,  unless  the  interposed  substance  itself  con- 
tains iron.  Nearly  alt  substances  that  are  not  them*  elves  magnetic 
are  capable  of  transmitting  the  magnetic  influence, 

Another  feature  of  magnetic  polarity  is^  that  like  poles  repel,  and 
unlike  poles  attract,  each  other.  If  one  magnetic  tar  be  suspended 
freely  in  the  air>  and  another  be  brought  near  to  it,  it  will  be  found 
that  the  north  pole  of  one  is  attracted  by  the  south  pole  of  the  other, 
and  vict  versd — in  short,  that  the  like  poles  repeJi  while  the  unlike 
attract 


Magnetism  of  Bt^^ken  Afagtttts. — If  a  bar  that  has  been  magnetiici^ 
be  broken  jn  the  middle,  each  half  will  have  two  poles  and  a  neutral 
point  in  the  centre*  If  one  of  these  halves  is  broken  in  the  middle, 
each  half  will  be  found  to  have  two  poles  and  a  neutral  line.  If  one 
of  tliese  parts  in  turn  be  broken,  each  half  will  again  be  found  to  be  a 
complete  magnet,  with  two  poles  and  a  neutral  hne,  and  so  on  as  long 
as  we  can  carry  ihe  division. 

Coulomb's  Theory  of  Af^3,i^ttetlsm. — A  theory  of  magnetism  ad- 
vanced by  Coulomb  is,  that  magnetic  substances  consist  of  parfuUs^ 
each  one  oj  tvhith  is  a  magnet.  These  particles  have  their  poles  turned 
in  different  directions,  so  as  to  neutralize  each  other. 

Magneti/atton  brings  these  particles  round  so  ih,^x  fhfy  lie  in  the  satm 
dtreetton.  This  theory  brings  magnetism  very  close  to  statical  electri- 
city, and  would  naturally  be  axloptcd  by  those  who  believe  all  mag 
netic  phen>mena  result  froni  electricity  in  ma^ntUe  Imil^s, 
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Between  the  behavior  of  electricity  in  animal  bodies  (animal  electrt- 
city),  electricity  in  general  (statical  and  dynam^ical  electricity),  to  be 
subsequently  explained,  and  magnetism  as  here  explained,  there  are 
analogies  so  close  and  so  consistent  Sls  to  warrant  the  view  th&t  all  are 
but  difftrtnt  manifatatiom  of  cnt  farce. 

MagmtH  Inducti&n. — If  a  bar  of  soft  iron  is  brought  in  contact 
with  or  near  to  one  of  the  poles  of  a  magnet,  it  is  attracted,  and  foi 
the  time  being  becomes  itself  magnetic;  and  if  it  is  brought  near 
enough  to  the  magnet,  it  firmly  adheres  to  it  A  bar  of  soft  iron  thns 
obtains  by  indtuiim  all  the  pro[>erties  of  an  ordinary  luagncL  It  has 
A  north  and  south  pole.  It  attracts  iron-filings  around  these  poles,  just 
like  the  regular  nnagnet.  If  another  piece  of  soft  iron  is  brought  in 
contact  with,  or  near  to  its  pole*,  it  is  attracted  and  made  to  adhere, 
just  as  it  would  do  if  applied  to  an  ordinary  magnet.  Quite  a  number 
of  hm  of  soft  iion  may  be  made  to  adhere  in  the  same  way.  But 
whcD  this  bar,  thus  made  magnetic,  is  forcibly  removed  from  the  per- 
manent magnet  to  which  it  adheres,  it  instantaneously  loses  all  its  mag- 
netic power,  and  the  iron  filings  or  pieces  of  soft  iron  that  have  been 
attracted  by  it  at  once  drop  off-  Such  a  magnet  is  therefore  styled 
"  Um/orary**  in  contradistinction  to  the  permanent  magnets  of  steel. 

If  $k  bar  of  ste^i  is  brought  near  to^  or  in  contact  with  a  magnet,  it 
also  becomes  magnetic,  and  exhibits  very  different  phenomena  from 
ihc  bar  of  soft  iron.  In  the  first  place,  it  becomes  magnetic  much 
more  slowly  than  the  bar  of  soft  iron^  and  displays  less  luagnetic 
power.  On  the  other  hand,  it  docs  not,  Itke  tlie  soft  iron  bar,  lose  its 
Aitractive  power  as  soon  as  it  is  removed  from  the  magnet,  but  perma* 
mfnily  retains  it 

The  quality  of  steel  by  which  it  at  first  resists  the  attractive  power 
d*  inagnets,  and  resists  the  dispersion  of  the  magnetism  which  it  has 
once  acquired,  is  called  e&ercitive  for££. 

The  same  phenomena  are  observed  in  regard  to  heat  Some  bodies 
that  are  quick  to  acquire  heat,  are  quick  to  part  with  it ;  and  vUt  versd, 
tho4e  bodies  which,  like  iron,  steel,  and  so  forth,  acquire  heat  gradually, 
also  part  with  it  slowly, 

II  is  by  virtue  of  its  coercitive  fof  ce  that  hadstarte  permanently  re 
tains  its  magnetism. 

The  harder  any  steel  is,  the  greater  its  coercitive  force*  Steel  that 
b  soft  has  comparatively  little  coerciiivcness,  and  when  brought  neat 
tOr  or  in  contact  with  a  magnet,  it  behaves  very  much  like  soft  iron. 
Ver^'  hard  steel,  on  the  contrary,  has  so  great  coercitiveness  that  it  ii 
only  attracted  by  very  powerful  magnets. 
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Soft  iron,  when  adulterated  with  siilphurt  phosphorus,  arsenic,  oi 
charcoal,  or  if  it  is  even  twisted  or  bent,  may  exhibit  a  slight  degree 
of  coercitive  force.  Soft  iron  that  is  perfectly  pure  possesses  no  coer 
citive  force  whatever* 

The  law  of  the  distribution  of  magnetise,  in  a  bar  of  iron^  and  tlie 
law  of  magnetic  attraction  and  repulsion  were  discovered  by  Coulomb 
in  1789. 

SAapr  q/  Magnets — Magnetic  Armatures, — Arti6cial  magnets  are 
either  composed  of  straight  bars,  or  are  bent  tn  the  shape  of  a  horse- 
shoe. The  horseshoe  form  is  used  mainly  for  the  sake  of  conveni- 
ence. It  enables  us  to  apply  both  poles  simultaneously  and  uniformly 
to  the  object  that  is  to  be  magnetized.  Very  powerful  magnets  may 
be  made  of  a  number  of  thin  steel  bars  placed  side  by  side,  their  poles 
being  situated  homonymously,  that  is,  lying  tn  the  same  direction^  A 
nuniber  of  bundles  of  bars  of  steel  arrangt;d  in  this  way  is  called  a 
'■'•magrjeik  magazine,  or  battery, 

Magnetic  armatures  are  pieces  of  soft  iron  that  are  pVaced  at  the  ends 
of  magnets,  to  keep  their  magnetic  power.  This  bar,  or  armature^  not 
only  receives  magnetism  from  the  magnet,  but  acts  upon  it  in  return^ 
and  thus  helps  to  preserve  its  magnetic  power.  Magnets  that  are  nwt 
provided  with  an  armature  gradually  lose  their  attractive  power  by  the 
disturbing  influence  of  the  magnetism  of  the  earth-  The  magnetic 
power  of  magnets  is  apt  lo  be  impaired  by  letting  them  fall  on  a  hard 
surface,  or  by  suddenly  striking  them  with  a  solid  body. 

Fig.  3- 

Magnetimtion, — It  is  possible  to  communicate  magnetism  to  bodic* 
that  can  retain  it  in  several  different  ways : 

I*  By  single  TqucL — The  bar  which  we  wish  to  magnetize  is  laid 
«)n  a  table,  and  the  pole  of  a  magnet  is  rubbed  along  its  surface  &om 
end  to  end  for  a  number  of  times. 

3,  Sy  double  Touch, — The  bar  that  is  to  be  magnetiied  is  placed  on 
a  piece  of  wood,  the  ends  of  which  are  placed  against  two  strong  mag- 
nets. Two  magnets  for  rubbing  are  placed  on  the  bar  to  be  magnet- 
ized, making  an  angle  with  the  bar  of  from  15**  to  20*'.  A  small  piece 
of  wood  is  placed  between  the  extremities  of  these  two  magnets,  to 
prevent  their  touching,  They  are  then  rubbed  along  the  bar  that  b  to 
be  magnetized,  from  the  middle  towards  the  end,  and  back  again,  j  id 
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raised  from  the  magnetized  bar  again  at  the  middle.  Thirf  met*;  od 
cooitmmicaJ  ^s  a  strong,  though  sometimes  trregular  magoetism;  it  WM 
invented  by  Mitchell,  and  perfected  by  Epinus  In  1758. 

,V  By  s€paraU  Touch. — This  raethod  consists  in  putting  two  opposite 
poles  of  two  niagnels  of  the  same  force  in  the  tniddle  of  the  bar  thac  is 
to  be  magnetized,  and  trtoving  each  of  Uiem  at  the  satiie  time  toward 
the  oppo&itc  end  of  the  bar.  This  operation  is  re}>eated  several  times 
OD  both  sides  until  the  bar  is  magnetized. 

The  magnets  n>ay  be  held  vertically  or  may  be  inclined. 
The  vertical  method  was  first  used  by  Knight  in  1745- 
4*  By  iht  GiJivdnU  Current, — The  bar  to  be  m^^netizcd  is  placed 
inside  a  coil  of  insulated  wire  tJiroiigh  which  a  galvanic  current  is  run- 
nings and  is  then  moved  backward  and  forward,  as  in  the  method  by 
ihe  double  touch. 

5.  By  thi  Earth, — It  is  clear  that  the  eardi  is  itself  a  magnet,  for  it 
nifeivts  ilroiig  inductive  power.  A  steel  rod  becomes  permanently 
uia^etic  when  it  is  held  parallel  to  a  dipping-needle.  If  a  bar  of  soft 
iron  is  held  in  the  same  position  it  also  becomes  magnetic,  and  much 
more  rapidly  than  the  steel  bar,  but  does  not  so  long  retain  its  magnet* 
i&in.  If  a  soft  iron  bar^  held  in  this  position,  is  struck  a  few  times  by  a 
hammer,  its  magnetism,  which  was  before  temporary,  becomes  per- 
manent. The  blows  of  the  hammer  seem  to  impart  in  some  mys- 
ichoiis  wav  a  coercitive  force  to  the  temporary  magnet. 

Large  tiiasses  of  Iron,  when  kept  in  a  stationary  position  for  any 
length  of  time,  always  give  proofs  of  Iiaving  been  magnetized  by  the 
earth.  Tools  in  workshops  are  apt  to  become  permanently  magnetic 
from  the  repeated  hammering  to  which  they  are  subjected.  The  mag- 
netism of  the  loadstone  is  due  to  the  silent  but  continuous  inductive 
action  of  the  earth.* 
Saiuraiipn  Point  of  Magnetism* — The  limit  of  the  amount  of  mag- 
:sra  that  a  magnet  can  permanently  retain  is  called  the  point  of  satU' 
~lt^m.  If  any  magnet  receives  more  of  magnetism  than  it  can  peruia- 
ncstly  retain,  it  gradually  loses  it  or  throws  it  off  until  it  falls  to  the 
point  of  saturation,  when  it  ceases  to  lose  any  more.  The  saturative 
point  of  any  magnet  depends  on  its  temper  and  coercitive  force- 
Magnetism  is  very  markedly  influenced  by  temperature.  When  a 
magnet  is  heated  it  loses  its  magnetic  power  in  proportion  ils  tern* 
pcrauiire  nses;  when  it  cools  it  regains  more  or  less  of  what  it  has  lost. 

On  this  subjecL  we  may  refer  to  the  able  pomphtet  of  Prof,  Mayer  on  The  Earth 
*9t  Ma£n€i, 
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FRICTIONAL,  OR  STATICAL,  OR  FRANKLINIC  ELECTRtCITV. 

When  glass  is  nibbed  with  silk  it  acquires  the  power  of  attraittng 
auy  light  substance,  such  as  a  pith-ball.  By  a  short  contact  this  prop- 
erty is  also  communicated  to  the  pith-ball,  and  it  then  rtpds  the  glass 
instead  of  being  attracted. 

These  phenomeoa  are  explained  by  the  existence  of  a  force  which  ia 
termed  SUctriciiy.  That  which  exists  in  the  glass  is  called  viireous^  or 
f4>stfiv^t  or  +  electricity.  If  a  piece  of  sealing-wax  be  rubbed  wiih 
flannel  it  will  attraci  the  pith-ball,  which  is  repelled  by  the  gUss,  This 
phenomenon  is  due  to  tlie  existence  of  resinous^  or  negaiivft  or  —  elec- 
tricity in  the  sealing-wax. 

The  naitie  electricity  is  derived  from  the  Greek  word  flleicrpw,  mean- 
ing amheTt  because,  as  tlic  story  goes,  Thales  of  Miletus,  one  of  the 
seven  sages  of  Greece,  first  discovered  the  manifestations  of  this  myste^ 
rious  force  by  rubbing  a  piece  of  amber  with  a  dry  cloth. 

The  science  of  electricity  dates  from  1600,  when  Dr.  Gilbert,  of  Col- 
chester, physician  to  Queen  Elizabeth,  published  a  work  on  magnetism, 
entitled  TtacdUus  de  Afagnete.  He  first  used  the  word  eUeiricity.  He 
showed  that  not  only  amber,  but  other  bodies*  as  sulphur,  wax,  etc., 
develop  electricity.  He  hrst  used  the  term  poles  in  magnetism,  and 
announced  the  first  theory  of  terrestriai  magnetism.  Noi  only  sealing- 
wax  and  glassjbut  alt  bodies  contain  more  or  less  of  electricity  that  may 
be  thus  developed  by  some  kind  of  friction* 

€cndu€t&rs  and  Non-cenductars. — All  bodies  are  electrically  divided 
into  three  classes:  Conductors^  semi^eonductors^  and  non-eonduci^rs. 
Under  the  first  class — conductors — are  included  water  and  all  saline 
solutions,  the  metals,  the  earths  and  stones,  the  structures  of  plants  and 
animals,  etc.,  etc  Under  the  second  class — semi-conductors — are  in- 
cluded ether^  alcoholj  dry  wood,  marble^  paper,  straw,  etc.,  at  32''  F. 
Under  the  tliird  class — non-conductors,  or  insulators — are  included  glass, 
sealing-wax,  porcelain,  resins,  sulphur,  wax,  dry  metallic  oxides,  fatt) 
oils,  cLc,  at  —  13^  F, ;  phosphorus,  india  rubber,  gutta-percha,  col 
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lodion,  wool,  dry  hair,  silk,  shellac,  ebonite,  amber  feathers,  chalk, 
lifiie,  dry  gases,  and  aqueous  vapor  in  a  dry  state. 

The  conducting  power  of  metals  may  be  lessened  ty  healing  tiiem. 
In  nearly  all  other  substances  heat  iiKreases  the  conducting  power. 
Certain  substances,  such  as  feathers,  wool,  hair,  and  the  atmosphere, 
which  in  sl  dry  stltc  are  non-conductors,  become,  when  thoroughly 
moistened,  the  best  of  conductors. 

Jn  this  clussitication  of  all  substances  into  conductors,  semi  conduc- 
tors,  and  non-conductors,  reference  is  had  only  to  fnctional  electricity. 
Substances  that  are  semi-conductors  for  frictional  electricity  are  non- 
conductors for  galvanic  electricity, 

Frictional  electricity  may  be  obtained  not  only  by  rLbbing,  but  also 
by  t^Uava^t  and  prtssun.  When  a  piece  of  jntca  is  cleaved,  the  two 
(>lates  which  are  separated  exhibit  opjiosite  electricities,  and  a  faint 
light  is  observed  when  the  cleavage  is  made  in  ihe  dark.  The  light 
that  ts  seen  when  sugar  candy  or  toaf-sugar  ts  broken,  \%  accounted  for 
by  ihe  development  of  electricity  through  cleavage- 

When  a  Ihin  piece  of  cork  is  pressed  against  a  slice  of  orange, 
by  insulating  handles,  one  assumes  a  positive  and  the  other  a  negative 
electricity.    The  same  phenomena  may  be  obtained  by  cleavage  and 
:es5ure  of  very  many  other  substances,  and  under  diverse  condi- 
us. 

A  conductor  is  said  to  be  insulated  when  it  is  placed  on  some  non- 
conducting substiince,  so  that  the  electricity  communicated  to  it  is  pre- 
s'entcd  from  passing  into  the  ground.  Glass  is  one  of  the  best  non- 
conductors, and  is  the  insulating  material  usually  employed  in  the  con- 
siruction  of  electrical  apparatus.  It  is  hard,  durable,  and  easily  ob- 
tained, and,  could  its  surface  be  kept  always  dry,  would  be  suq^asscd  as 
in  insulator  by  no  material.  In  frosty  and  dry  we-ather  it  acts  very  well ; 
but  when  the  atmosphere  is  at  all  dam[),  it  becomes  coated  with  a  layer 
of  moisture^  which  very  much  impairs  its  insulating  power. 

A  nmcli  superior  insulator  to  glass  is  ebonite,  a  preparation  of  vulcan- 
ued  india-rubber,  that  of  late  has  been  much  used. 

Dtscoi^ery  cf  EUctrU  Conduction. — Electric  conduction  was  discov- 
ered by  Stephen  Grey  in  1729.  He  found  that  when  a  wire  70a  feet 
long,  and  hung  on  loops  of  silk,  was  connected  at  one  end  with  a  glasj 
tube,  and  the  tube  was  nibbed,  the  other  end  of  the  wire  was  electric 
ficd  ;tnd  attracted  light  bodtes.  When  wire-loops  were  substituted  for 
the  stlk-loops,  the  electricity  passed  off  through  the  wire.  Hence  origi 
nated  the  distinction  between  insulators  and  conductors. 

Loss  of  EUttriciiy. — All  electrified  bodies  lose  electricitj  more  or  less, 
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however  carefully  th  jy  may  be  insulated.  T  lere  are  two  reasons  f  M 
this 

First  No  insulators  are  perfect.  The  best  insulators^  as  glass  and 
rubber,  conduct  soiuewhat- 

Secoiidly.  The  air  is  a  conductor  ;  its  conductive  capacity  depend* 
upon  the  amount  of  moisture  in  it. 

In  varuo^  also,  electrified  bodies  lose  their  electricity  more  rapidly 
than  in  air,  on  account  of  the  dimintition  of  the  pressure  on  the  insulat- 
ing surface. 

The  human  body,  as  will  be  shown  under  Electro-physiology,  n 
charged  with  electricity,  which  is  conducted  away  by  the  air^  and  not 
unlikely  by  other  conductors. 

Staikai  Induction. — An  insulated  c&nducior^  when  cfiarged  with  either 
positive  or  negative  eiectrieiiy^  acts  on  bodies  placed  near  to  it  just  as  flu 
magnet  acts  on  soft  iron  ;  it  attracts  the  opposite 
and  repels  the  same  kind  of  electricity.  This  may 
be  shown  in  the  following  manner  :  A  brass  cyliu- 
der  (Kig.  4),  rounded  at  either  extremity,  is 
insulated  by  means  of  a  glass  rod.  Two  pith- 
balls  are  suspended  by  cotton  thread  from  each 
end.  If  an  insulated  bal!  charged  with  positive 
electricity  be  brought  in  close  proximity  to  the 
brasa  cylinder,  the  pith-balls  will  diverge,  show- 
ing a  disturbance  of  the  electrical  equilibrium  in  the  cylinder.  So  soon 
as  the  charged  ball  is  withdrawji,  the  pith-balls  hang  down  as  before, 
showing  that  the  electrical  disturbance  in  the  cylinder  depended  on  the 
presence  of  the  charged  ball,  and  was  merely  temporary. 

If  a  small  disk  of  insulated  gilt  paper  be  brought  in  contact  with 
the  end  of  the  cylinder  next  the  charged  ball,  and  then  a|)proached 
toward  an  electrometer,  the  needle  will  indicate  Uiat  the  di^k  has  re- 
ceived —  electricity. 

If  the  experiment  be  tried  with  the  opposite  end,  \  electricity  will 
be  transmuted  to  the  gilt  disk. 

It  is  thus  seen  that  -|-  electricity  of  the  charged  ball  causes  the  near 
end  of  the  cylinder  to  assume  a  —  condition  ;  while^  according  to  a 
universal  law,  that  no  —  electricity  can  be  excited  without  an  equal 
amount  of  positive  electricity,  the  opposite  extremity  becomes  +.  The 
phenomenon  thus  described  is  callecf  induction^  or  influence  ;  and  white 
in  this  peculiar  electrical  condition  the  cylinder  is  said  to  !  c  polm- 
ited. 

Induction  and  Conduction  compared. — We  ha/e  seen  that  a  body  maj 
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be  charged  with  eleclricily  both  by  ^*fff^/wr/j>'«— actual  ccr.tact — and 
by  inductior.  at  a  distance.  In  conduction,  the  first  bod/  loses  a  pari 
of  its  electricity;  in  induction  it  does  not,  In  conduction,  the  dcc- 
iridty  given  to  the  body  l:$  the  same  as  that  which  gives  it-  in  induc- 
tion, it  i&  of  the  opposite  kind-  In  order  to  impart  ekctricity  by  con- 
duction, the  body  must  be  insulated  ;  to  impart  electricity  by  induction, 
the  body  must  be  for  the  time  in  connection  with  the  earth.  Bad  con 
ductors  ate  acted  on  by  indviction  slowly^  but  retain  tlieir  electricity 
longer  ;  just  as  steel  which  is  slowly  magnetized  becomes  a  permaneni 
magnet,  while  soft  iron,  which  is  rapidly  magnetized,  soon  loses  its 
magnctbm.  There  is  a  limit  to  the  conductive  capacity  of  every  elec- 
triticd  body  ;  when  this  limit  is  reached,  it  cease*  lo  have  any  effect  on 
ihe  second  body. 

Distributi&Hof  Elteiricity. — It  is  evident  that  the  greater  tlie  surface 
over  which  electricity  is  diffused,  the  less  is  its  power  or  intensity  at  any 
given  iwint. 

Ett£trUt(y  docs  not  penetrate  to  the  interior  of  metallU  cortductorSf  hui 
iiffuset  itself  over  the  surface. 
Experiment  proves  this.    Let  a  brass  ball  be  charged  with  electricity. 


And  suspended  by  a  silk  thread,  and  then  covered  with  two  hemisplicn- 
col  surfaces  of  brass,  which  exactly  fit  it.  \Vlien  the  hemispheres  are 
withdrawn,  it  will  be  found  that  tliey  are  charged  with  electricity^  which 
bas  been  entirely  taken  from  the  brass  ball. 

Faraday  illustrated  this  truth  by  a  beautiful  and  original  experiment 
'th  a  conical  bag  of  cotton  gauze,  around  the  opening  of  which  an  in- 
'lalated  ring  was  attached.  The  bag  was  held  distended  by  means  of  a 
silk  thread  attached  to  the  apex,  and  then  charged.  By  the  proof-pla-e, 
be  found  that  the  d^arge  was  wholly^  on  the  outside.  The  bag  was 
llicn  turned  inside  out  by  pulling  the  thread  the  other  way,  when  it  wat 
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found  tliat  the  electricity  had  changed  sides,  and  lay  uhaliy  on  the 
outside- 

J}ensity. — 77i£  quantity  of  electricity  on  a  given  surface  at  any  moxicm 
it  called  electric  density^  or  thickness. 

The  shape  of  a  body  has  an  iafluence  m  the^distribution  of  electricity 
uver  iL 

In  an  ellipsoid^  for  example,  the  density  15  greatest  at  the  stnall  end 
and  least  at  the  middle  space. 


On  an  insulated  cylinder,  with  the  two  hemispheres  at  the  end&i  tlie 
den&ity  of  the  electricity  is  greatest  at  the  ends.  On  a  circular  disk, 
the  density  is  greatest  at  the  eJges.  The  tendency  is  for  electricity  to 
accumulate  at  points.  On  a  sphere  the  density  is  uniform ;  the  further 
removed  a  body  is  from  a  sphere  the  more  irregular  the  distribution. 

In  all  pointed  rods  the  electricity  accumulates  at  the  pointed  ex- 
tremities ;  hence  liglitning-rods  are  made  to  terminate  at  sharp  points. 
In  electro-physiology  and  electro-therapeutics  it  is  found  that  small^ 
pointed  electrodes  cause  much  more  pain,  the  strength  of  the  current 
being  the  sanie^  than  large^  broad  electrodes.  Hence,  excejit  in  those 
cases  where  it  is  desired  to  coniine  the  action  of  the  current  to  a  very 
limited  surface,  eieclrodes  of  pretty  good  surface  are  desirable. 

Electric  Machines,^'Y\\\s  term  is  exceedingly  vague*  It  is  applied 
to  any  and  all  forms  of  electrical  apparatus.  The  first  electric  nwchine 
was  made  in  1672,  by  Otto  von  Guericke,  of  Magdeburg,*  It  consisted 
of  a  globe  of  sulphur,  turned  on  its  axis  by  one  hand  and  pressed  againsi 


*  Fxperincntft  Nova.  MagdeburglcL 
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tfw  oEb<^  hand    Afterward  a  glass  cylinder  was  u9^d  iDscead 

In  1740  tvinckler  substituted  cushions  of  horse  hair  as  nibbeis.  In 
1760  Ramaleti  substituted  a  circular  glass  plaic  for  the  glass  cylinder. 
The  forms  of  electric  machines  now  used  arc  niodilications  of  Rams- 
Jen's,  This  is  one  of  the  forms  of  apjiaralus  from  whidi  we  obtain 
staticsd  electricity*  Fig.  7  represents  the  common  cylinjer  electricaJ 
machine,  for  developing  dectriciiy  by  fnction. 


Via.  7. 


Ife/t^s  MUctroph&rus  MaMne, — The  best  and  most  recent  form  of 
apparatus  for  statical  electricity  is  the  electrophorus  machine  that  was 
invented  by  Holtz,*  of  Berlin,  in  1865.  In  this  machine  the  electricity 
Is  generated  not  by  friction,  but,  as  in  the  electrophorus,  by  inducfive 
iUfiif/n,  The  machine  consists  of  two  glass  disks  and  paper  coatings, 
with  a  number  of  conductors.  One  of  the  disks  revolves  on  its  elxis  j 
the  other  remains  ijiimovable.  The  disks  and  paper  coatings  are  cov- 
ercel  with  !ealing-wax- 
The  metallic  conductors  are  made  in  a  comb-shape.  An  incision  io 
£  immovable  disk,  with  the  paper  coating  and  nit^taltic  conductor,  is 
cd  an  elcmenL  The  machine  may  h.ive  two,  four,  six,  or  eight  of 
these  elements.  \Vlien  rotated,  the  paper  coating  becomes  charged  with 
negative  electricity:  tlie  corresponding  part  of  ihe  movable  disk  be- 
€omeft  charged  with  positive  electricity.  The  conductor  correspondi 
to  the  linger  of  the  experimenter.    The  length  of  the  spark  produced 
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by  the  machine  depends  on  the  size  of  the  disk,  whicli  may  be  jj,  it 
or  30  inches  iti  diameter.  These  machines  are  also  called  rcta*hf* 
mu/tiplUrSy  because  by  their  rotary  motion  they  inLilt]t>)y  by  successive 
transmissions  the  charge  of  electricity  lhat  they  communicate. 


EUciric  Spark. — An  interesting  phcntimenon  connected  with  the 
electrical  machine  is  the  electric  spark  which  is  drawn  Tfom  the  con- 
ductor when  the  finger  is  presented  to  it. 

The  positive  electricity  of  the  conductor  decomposes  (he  electricity 
of  the  body,  attracting  the  negative  and  repelling  the  positive,  and^  when 
the  tension  is  great  enough,  these  opposite  electricities  overcotiie  the 
resistance  of  the  air  and  recotnbine,  with  a  spark  and  crackling  sound. 
The  spark  is  accoiupanicd  by  a  prickly  sensation.  Wher?  the  spark  is 
sliort  it  is  straight ;  beyond  two  or  three  inclies  in  Icngt'i  it  becoiiiei 
curved  or  zigzag,  like  the  lightning  in  the  sky. 
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Th<;  human  body  may  be  charged  with  electricity  by  silting  on  an 
insulating  stool  and  totichtng  ihe  conducEor  of  an  electrical  machine- 
When  ihe  body  is  thus  charged,  the  hair  diverges,  a  peculiar  imnsa 
lion  is  felt  in  the  face,  and  if  any  other  person  standing  on  the  gionnd 
loucbes  one  so  charged,  he  receives  a  spark,  with  a  crackling  so\m^ 
and  a  pricking  sensation. 

EUctrophorus,^'V{\t  electrophonis,  invented  by  Volta,  in  1775,  con- 
sUtsof  a  metallic  niould,  filled  with  a  mixture  of  shellac  and  turpentine, 
and  A  jnovable  nietallic  cover  that  is  provided  with  a  glass  handle. 
The  surface  of  the  shellac  is  negatively  electrified  by  beating  it  with  a 
cat's  fiir  or  fox-taiL  The  cover  is  then  ptit  on,  and  by  contact  be- 
comes negatively  electrified,  and  gives  to  the  finger  a  slight  spark  of 
negative  electricity.  If  the  cover  be  now  removed  by  its  it^sulaiiiig 
handle,  it  gives  positive  electricity  to  whatever  touches  it.  This  posi- 
tive cleclricity  it  acquires  not  directly  from  the  shellac,  but  hy  inducHz'^ 
nciim  through  the  air, 

Gohi-Le&f  Elfctroseope. — By  this  instrument  we  are  enabled  not 
on)y  CO  detect  the  presence,  but  to  determine  the  kind,  of  electricity 
tliat  may  exist  in  any  body. 

fig.  9  represents  Bennett's  electroscope,     B  is  a  tubulated  glasf 
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enclosed  at  its  lower  end  by  a  metallic  cover,  by  means  of  wblch 
it  comnntnicatef;  ivith  (he  ground.  A  metal  rod,  fiEiing  in  the  tiibu!e  of 
the  shade,  terminates  at  its  upper  extremity  in  a  knob,  C»  ard  at  its 
lower  extremity  it  holds  two  narrow  strips  of  gold  leaf.  On  the  insidr 
of  the  shade  ue  xwo  sr^ps  of  gold  leaf  reaching  to  the  metal  cover 
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If  a  body  charged  with  either  kind  of  electricity  is  brpught  in  c<intfict 
with  the  knob,  the  gold  leaves  diverge, 

Thoniwtts  Quadrant  M/^t'troiiufer.—K  far  superior  instrument  for 
all  delicate  researches  is  the  quadrant  electrometer  of  Sir  William 
Thomson.  This  instrument  is  quite  complex,  and  only  in  a  gener.'tl 
way  shall  we  attempt  to  describe  it.  A  delicate  aluminum  needle, 
two  inches  long,  is  hung  by  two  cocoon  threads  in  a  glass  jar,  which  is 
one-sixth  filled  with  sulphuric  acid.  From  (he  needle  a  delicate  thrcAd 
of  platinum  drops  into  the  acid.  The  needle  is  thus  free  to  swing  hori- 
Kontally  a  little  distance,  or  until  the  torsion  of  one  of  the  threads  by 
which  it  is  hung  forces  it  back  to  its  original  position.  Above  the 
needle  a  very  delicate  mirror  \%  suspended.  When  the  aluminum  needle 
is  charged  with  electricity,  which  is  comUicted  ihrough  the  sulphuric 
acid  and  carried  up  the  platinum  wire,  the  needle  is  repelled  or  at- 
tracted according  as  the  electricity  is  positive  or  negative.  Behind  a 
screen,  at  some  little  distance,  is  placed  a  lamp,  the  light  of  which 
reaches  the  needle  through  a  slit  in  the  screen.  On  the  screen  is  a 
scale  \  a  very  slight  movement  of  the  needle  is  reflected  by  the  mirror 
above  it  on  the  scale.    An  exceedingly  slight  displacement  of  the  needle 


will  cause  a  very  large  displacement  of  the  image  reflected  on  the 
K-ale.    Thus  this  instrument  is  of  great  value  in  very  delicate  researches. 

Lcydfn  Jar, — The  Leyden  jar  is  made  of  glass,  with  a  coating  of  tin- 
foil pasted  carefully  inside  and  out,  extending  to  within  a  few  inches  of 
the  mouth.  Through  a  varnished  wooden  cover  a  wire,  having  a  knob 
at  top,  is  passed,  and  e?(tends  to  the  inside  coating,  Noxv,  when  either 
positive  or  negative  electricity  is  comjnunicatcd  lo  the  knob  at  the 
tO|>,  it  is  immediately  diifused  over  the  whole  inside  coating  ;  and  by  itt 
mductive  influence  the  outside  coating  takes  on  the  opposite  kind- 
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When  in  this  state, — the  two  coatings  being  oppositely  electrified, — 
lEie  jar  is  said  to  be  charged ;  and  a  discharge  takes  place  when  a  com- 
inunicatiOD  is  established  between  the  knob  arid  the  ouisfde  coating, 
the  c<iui!ibrium  being  restored  with  a  bright  flash  of  light  atad  a  shaqi 

As  the  human  system  is  a  good  conductor,  this  discharge  may  take 
place  through  it,  by  grasping  the  outside  coating  with  one  hand,  and 
touching  the  knob  at  the  top  with  the  other ;  or  several  persons  may 
form  a  line  by  grasping  hands,  the  one  at  one  extreme  touching  the 
outside  coating,  while  the  one  at  the  other  extreme  touches  the  knob. 
All  will  feel  the  sh^tk^  as  It  is  called,  at  the  same  instant.  While  the 
jar  is  receiving  the  charge,  it  must  not  be  insulated ;  that  is,  the  outside 
must  communicate  with  the  earth.  As  the  positive  fluid  collects  on 
the  inside,  the  outside  becotues  negative  by  the  expulsion  of  the  post 
ttvc  fluid  naturally  in  it,  and  the  accumulation  of  the  negative  fluid  in 
iu  stead,  drawn  from  the  earth.  But  if  the  outside  is  insulated,  these 
transfers  to  and  from  it  cannot  take  place,  and  therefore  llie  jar  cannot 
become  charged. 

A  submariDe  cable  is  realty  a  vast  Leyden  jar-  The  %vire  constitutes 
the  interi^ir  coating,  tlie  water  the  exterior  coating,  and  the  gutta* 
I>ercha  the  insulator  between  them.  On  this  account  the  passage  of 
an  electric  current  through  a  submarine  cable  is  greatly  retarded, 

Ifist&ry  &/  the  Leydcn  Jar. — In  October,  1 745,  a  bishop  of  Cammin, 
in  Pomerani^  Von  Kleist  by  name,  passed  through  a  cork  in  the  neck 
of  a  llask  an  iron  nail  connected  with  an  electrical  machine.  The  flask 
contained  mercury  or  alcohoL  On  touching  the  nail.  Von  Kleist  re- 
ceived a  severe  shock.  In  January,  1746,  Cuneus,  Allamand,  and 
M  usschenbroek  passed  a  wire  from  an  electrical  machine  into  a  flask 
hlled  with  water.  Musschenbroek  held  the  flask  in  his  right  hand,  and 
when  a  turn  was  given  to  the  machine,  he  received  a  spark  from  the 
conductor  with  his  left  hand. 

The  spark  was  so  terrible  that  he  declared  he  would  not  receive 
another  like  it  for  the  French  crown.  He  observed  what  Kleist  did 
notj  tltat  only  the  person  who  Md  t^t  jar  received  the  shock.  In  this 
experiment  the  hand  (ff  (fit  obsfrvfr  corresponded  to  the  outer  coating 
of  the  ordinary  Leyden  jar.  He  was  the  most  scientific  of  the  three 
Leyden  philosophers  who  have  given  the  name  to  the  Leyden  jar. 

The  theory  of  the  Leyden  jar,  and  apparatus  similar  to  it^  was  given 
by  Franklin  in  1747.    In  the  same  year  Watson^  Bishop  of  LlandaflEi 
^nt  a  discharge  from  a  Leyden  jar  through  2,800  feet,  and  subsequendf 
through  10,600  feet  of  wire. 
2 
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Experiments  like  these  were  also  made  by  Franklin  across  the  Schu>l 
kUl. 

For  a  long  time  Franklinic  electricity  was  the  only  form  used  in  electro 
therapeutics.  At  present  it  is  but  little  used  except  in  certain  hos- 
pitals and  public  institutions.  Its  value  as  a  therapeutic  agent  is, 
however,  unquestioned,  and  now  that  some  of  the  inconveniences 
attending  its  use  have  been  removed  by  Holtz's  machine,  it  is  just  thai 
it  should  have  a  fair  and  careful  trial  at  the  hands  of  modem  electro 
therapeudsti. 


I 


CHAPTER  III, 


GALVANISM,  OR  VOLTAIC  KLKCTRXITV. 

Unhcr  the  general  term  Dynamical  EUciriciiy  is  included  the  elec 
tricUy  which  arises,  first^  from  chefnical  action — especially  from  tha, 
acccriding  the  dissoJution  of  metais — called  galvanism  gr  vollaic  iUc* 
tritity ;  secondly^  from  induction  by  currents  or  magnets,  called 
imductd  tiecirui/y^  tledro-magnetismt  or  magneto-electricity;  thirdly^ 
from  beat,  called  tlurma-^Uctricity^  These  varieties  are  called  dyttam- 
icai  clectricily*  signifying  their icity  in  motion  as  distinguished  from 
frictipnal  or  statical  electricity,  which  denotes  the  electrical  condition 
of  bodies  in  wliich  electricity  remains  insulated  or  stationary.  Strictly 
spcAkiug,  these  terms — dynamical  ^wA  sfatUal — ire  ajtplicnble  to  both 
branches  of  the  science  ;  for  if  the  poles  of  a  series  of  galvanic  batteries 
are  insulated,  they  manifest,  before  Uie  current  begins,  the  electric 
tension  of  a  friction  machine.  Again,  the  characteristics  of  the  gal- 
vanic curretit  are  manifested  slightly  in  the  series  of  discharges  which 
axe  tranisnittted  in  a  wire  connecting  the  prime  conductor  of  a  machine 
in  action  with  the  ground  or  other  negative  conductor. 

NtSiurt  and  Dajirsifion  of  Force  and  its  Relation  to  Matter^ — Ffirci  h 
that  which  produces  matisn.  It  is  itself  a  primary  motion  and  cannot 
be  <1efined.  Matter  is  a  collection  of  centres  of  force  called  atoms. 
Molecules  ore  collections  of  atoms.  A  molecule  is  the  smallest  particle 
\tkXO  which  a  body  can  be  divided  without  losing  its  identity. 

The  molecules  of  a  gas  are  in  rapid  and  continuous  motion^  and  the 
relative  velocities  in  diiferent  gases  has  easily  been  determined.  These 
motions  and  velocities  are  the  result  of  the  forces  of  which  matter  con- 
^sts.  It  must  be  similarly  trae  of  liquids  and  solids  :  force  and  motion 
are  the  bases  of  their  constitution.  Indeed,  without  force  matter  would 
^ot  exist  at  all,  for  matter  is  simply  an  aggregation  of  centres  of  force, 
Pcfnderahle  Matter  is  a  form  of  force  which  our  senses  recognize* 
Ether  pervades  all  matter  and  all  spaccj  hut  it  is  not  recogniied  by 
tmse,  and  yet  it  is  none  the  less  a  manifestation  of  centres  of  force. 
Eh:trici*y  compared  with  other  Forces. — If  force  be  added  to  maltei 
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Ac  equilibrium  of  that  p<jint  is  distui  oed^  and  the  d.sti.rbancc  prop*, 
gat^^d  from  molecule  to  molecLtle,  through  matter,  or  ether,  oi  Lroth. 
Heat  by  conduction  and  inass-molion  are  of  matter  only.  Heat  hf 
radiation  and  light  are  of  die  ether  only.  Electricity  is  now  regarde^d 
as  a  movement  of  the  ether,  and  of  the  body  in  which  it  circutates. 
Chemical  action  Is  a  rearrangement  of  atoms.  After  this  action  tlie 
sum  of  the  activities  of  the  raolecjlcs  of  tlie  resulting  product  is  dif- 
ferent from  ^^at  which  its  factors  previously  had  This  cliiTerence  is 
force,  and  api>ears  sometimes  as  light,  and  under  certain  conditions  as 
electricity,  but  it  h  rarely  or  never  confined  to  one  mode  of  manifes- 
lation.  T/te  condiiiffn  for  the  generation  electrieiiy  by  chemieai  action 
af/^arf  to  be  that  this  action  takes  place  ai  tke  surface  of  a  eendiutor 
through  which  a  current  {so  called)  can  circulait.  Si:ice  the  current  is 
made  of  motion  of  the  molecules  of  the  conductor  through  which  it 
passes,  and  of  the  ether,  the  nature  of  tlie  conductor  must  modify  the 
current  itself  It  is  known  that  the  current  through  a  telegrajih-wire 
500  miles  long  meets  the  greater  part  of  its  resistance  in  tlie  first  100 
miles.  The  current  is  modified  by  the  material  and  length  and  sixe  of 
tiie  ^'ire- 

The  differential  physiological  effects  of  induction-coils  of  different 
lengths  aud  fineness  may  thus  be  iu  part  explained.  These  diffcrentiai 
effects  will  be  spoken  of  in  the  electro-therapeutical  portion  of 
work. 

The  Chemistry  cf  the  Battery  not  yet  Exact, — Chemistry  can  never 
be  an  exact  science  until  temperature,  specific  heat,  and  matter  are  all 
considered,  and  justly  estimated  in  all  reactions.  This  has  not  yet  been 
accomplished. 

We  are  unable  to  state  a  priori  what  must  be  the  electro-inottve  force 
of  the  different  batteries  in  use,  since  that,  as  we  have  seen,  depends 
on  data  hereafter  to  be  determined.  Frefjuently,  however,  we  are  able 
to  state  which  of  two  reactions  must  evolve  the  greater  force,  and  so, 
under  like  circumstances,  the  stronger  electric  current.  This  is  done  by 
inspection  of  the  electro-chemical  series  of  elements.  That  series,  how- 
ever, must  vary  with  the  temperature,  so  that  it  is  no  sure  guide. 

Office  of  the  Water  in  tke  Battery. — The  water  used  in  all  common 
batteries  serves  as  a  bolvent  of  the  salt  formed  in  the  reaction.  When 
the  water  used  becomes  saturated  by  this  salt  the  current  stops,  and  it 
declines  in  power  as  the  solution  approaches  saturation. 

Office  of  the  Metals  in  the  Battery. — Of  the  two  metals  in  any 
battery  one  only  enters  into  the  reaction.  Zinc  has  generally  filled  thai 
place  in  all  the  best-known  batteries,  because  it  is  nearer  the  negativr 
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or  the  electro  chemical  series  than  any  other  common  and  Cijnve- 
nicTit  metal.  Potassium  or  sodium  would  be  the  h^au  id^ai  o{  t^t  negative 
metal,  but  ihcy  are  not  convenient  or  practicable.  Any  tnetal  or  con- 
dtictor  which  is  not  acted  on  by  the  fluid  in  which  it  ia  immersed  may 
occupy  the  other  place  in  the  couple. 

AJI  modern  research  tends  toward  the  conclusion  that  the  differenJ 
Ibnnsof  electricity  which  we  variously  distinguish  as  magn^fum^  Frank 
iimiiMt  gairanismy  eUctro  ma^netismt  arc  but  expressions  of  one  force, 
which  force  is,  as  we  have  seen^  but  a  mode  of  motion  of  the  universal 
cihcr.  Very  recently  a  European  physicist  has  estimated  the  electro- 
tnotive  force  of  Holta's  machine,  and  has  expressed  it  in  a  mathematical 
form,  so  that  it  may  be  compared  with  the  ordinary  galvanic  batteries. 

In  the  present  chapter  we  shall  speak  of  the  form  of  electricity  that 
is  gcnemted  by  chemical  action — gaiuanism  or  voiiaism.  Analogy  and 
rxt^crience  make  it  more  than  probable  that  ail  chemical  actum  whatso- 
fvrr  is  aSUndcd  with  the  evolttihn  &f  eUctnciiy  ;  and  reasoning  still 
ftirther  we  may  believe  that  all  molecular  disturbance,  however  excitedj 
"rc  rise  to  electrical  disturbance.  The  pla)^  and  interplay  of 
\  phenomena  are  incessant  and  infinite  ;  electrical  force,  like 
light  and  gravity*  is  everywhere  being  generated  and  everywhere  acting. 
If  wc  arc  urtable  to  detect  the  electricity  generated  by  chemical  action 
only  under  certain  conditions,  or  when  generated  in  comparatively 
large  quantities,  it  is  because  of  the  imperfections  of  our  knowledge  and 
the  want  of  sufficient  refinement  in  our  apparatus  for  collecting  and 
roeasuring  electricity. 

As  a  matter  of  experience  it  is  found  that  chemical  electricity  is  most 
conveniendv  generated  by  ihe  reactions  that  take  place  between  two 
metals  and  some  acid  solution,  and  as  a  matter  of  convenience  and 
economy  /inc  is  the  metal  at  (he  expense  of  which  the  electrical  force 
is  cvolvcfl,  the  other  metals  acting  merely  as  conductors  j  but  the 
conobinations  that  are  actually  employed  by  physscibts  are  but  a  fraction 
of  those  thai  arc  possible  and  conceivable. 

Every  year  new  batteries  and  modifications  of  old  batteries  are  de 
rificd,  but  all  of  ihem  are  based  on  the  general  principle  that  chemical 
action  of  any  ?nrt  whatsoever  is  attended  by  ihc  evolution  of  electri- 
city. 

Wc  present  below  brief  descriptions  of  some  of  the  principal  (utteriea 
that  arc  now  in  use.  All,  or  nearly  all  of  them,  in  their  original  shape, 
or  under  various  modifications,  are  used  in  clectro-therapeniics.  Wc 
shall  not  attempt  to  e^chaust  the  list,  but  to  illustrate  those  tliat  are  best 
iinown.  nioM  useful,  and  are  most  thoroughly  representative.  Those 
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who  understand  the  principle  on  which  these  batteries  are  construcred 
wiil  not  find  it  difficult  to  understand  any  new  modification  of  them  th;iJ 
may  arise. 

Here  let  us  interpose  the  remark,  that  the  rime  and  energy  lhat  ar« 
devoted  to  the  study  of  the  chemistry  of  batteries  will  not  bo  (vasted 
time — will  indeed  be  spent  most  wisely — for  half  the  annoyances  of 
young  and  old  eleclro-therapeutists  comes  from  thediflftculty  of  keej^ing 
their  batteries  in  order.  This  difficulty  will  be  diminished  one-half  and 
more  when  we  really  understand  the  mechanism  of  Latteries  and  the 
laws  that  govern  chcir  Action. 

Simple  GdlT^anic  Ctrchs. — In  the  formation  of  a.  simple  galvanic 
circle  there  are  usually  metals  and  a  liquid. 
Fig.  II  constitutes  such  a  circle. 

Let  C  and  Z  represent  respectively  plates 
of  copper  and  zinc  introduced  into  dilute 
acid,  and  connected  by  a  wire.  An  electrt. 
cal  disturbance  lakes  place  over  all  the 
surface  of  the  zinc  covered  by  the  liquid. 
Positive  electricity  is  generated  at  iiie  zinc 
element,  and  flows  through  the  liquid  to  the 
copper,  and  thus  a  constant  current  is  es- 
tablished over  the  wires,  as  shown  by  Ihe 
arrows. 

So  far  as  the  galvanic  action  is  concerned. 
It  matters  not  whether  the  plates  touch  each  other  or  are  connected  by 
wires,  as  in  the  figure,  A  current  is  formedj  whether  contact  is  made 
between  the  plates  either  above  or  below  the  liquid.  In  every  instance, 
however^  a  must  be  formed,  around  whlcli  the  electricity  may  flow. 

The  olectricity  may  traverse  the  circuit  either  in  a  single  current  or 
in  a  number  of  partial  currents,  into  which  it  may  divide  itself  when 
the  plates  are  brought  in  contact  along  their  whole  surfaces.  When 
the  plates,  or  the  wires  which  connect  thera,  are  in  contact,  the  circuit 
is  said  to  be  closed ;  when  they  are  separated^  it  is  said  to  be  broken^  or 
&p€n.  The  electricity  is  generated  wholly  by  the  chemical  action  of 
the  acid  upon  the  zinc,  and^  other  things  being  equal,  the  quantity  of 
electricity  set  in  motion  will  be  proportional  (0  the  extent  of  zinc  sur- 
iace  exposed  to  the  add. 

The  tarns  Ek^tro-positive  and  EUcfro-negative, — Both  in  simple 
and  roinpoimd  circles  the  electricity  always  moves  in  the  liquid  of  the 
uattery  from  the  linc  to  the  copper;  and  out  of  the  liquid,  from  the 
copper  to  the  iinc.    This  should  be  remembered,  since  ihe  zinc  « 
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taUtd  the  thctro  posiilvt  fitment j  although  out  of  the  liquid  it  is  mga- 
/liv/  and,  consequently,  in  the  decomposition  that  occurs  in  the 
battery,  that  element  which  goes  to  the  zinc  pole  is  called  the  electro- 
|>os:ttve  dement,  being  attracted  by  its  opposite  force  ;  while  the 
clement  going  to  the  copper  is  called,  for  the  same  reason,  the  electro- 
negative— a  current  from  two  liquids  and  one  metal. 

Two  liquids  and  one  metal  can  also  produce  a  circuit  as  well  as  one 
liquid  and  two  metals.  Becquerers  oxygen  battery  (pile  a  oxyg^ne)  is 
otic  of  the  best  airangements  of  this  kind.  The  current  is  produced  by 
the  action  of  caustic  potash  on  nitric  a^id,  platinum  forming  the  con- 
ducting  arc 

Hamcgeneiiy  ef  the  Galvanic  Circuit. — Jn  frtctianal  electricity  there 
arc  paints  which  form  the  seat  of  +  or  —  electricity.  On  the  con- 
trary, in  a  wife  where  a  galvanic  current  is  circulating,  there  are  no 
snch  |>oints.  it  has  no  power,  like  frictional  electricity,  to  attract  or 
repel  objecls.  The  wire  feels  and  behaves  no  difierently  when  the 
current  is  passing  than  when  it  is  not.  The  wire  conducts  so  much 
better  than  the  air  that  the  current  follows  it.  Its  force  is  the  same  at 
every  point,  in  the  battery  or  in  the  circuit.  Making  interruptions  in 
it  at  diiferent  points^  and  sending  currents  through  solutions  of  sulphate 
of  copper,  the  same  amount  of  copper  is  deposited  at  eacli  of  the 
places  where  (he  interruption  is  made.  If  we  connect  tlie  several 
breaks  by  pieces  of  platinum  wire,  each  wire  will  be  heated  to  die 
same  temperature. 

In  short ^  (he  m<igne(ic-ht& ling  and  chemieal  and  Piker  effe£ti  of  ike 
current  are  the  same  at  et>ery  point  in  the  circuit. 

Polarity  of  the  Circuit. — If  the  wire  in  which  llie  current  runs  be 
cot  or  broken  at  any  point  in  the  circuit,  the  current  ceases  to  fiow — 
that  is,  ceases  lo  be  dynamic^  but  at  the  two  cut  ends  there  is  statical 
electricity.  One  end  of  the  cut  wire  will  be  charged  with  +  and  the 
other  with  —  electricity.  The  amount  of  this  statical  electncity  will 
depend  on  the  original  strength  of  the  current  before  the  interruption 
was  made. 

By  the  condensing  electroscope  it  can  be  shown  that  each  end  of 
the  cut  wire  is  charged  with  an  opposite  electncity^  and  the  amount  of 
this  can  be  estimated  If  we  take  away  any  pari  of  the  wire  eniireiy 
from  ihc  circuit,  the  piece  of  wire  taken  away  is  out  of  the  circuit  en- 
J  but  if  the  ends  of  the  wires  at  each  point  of  interruption  be 
^  in  a  fluid  that  is  decomposed  by  the  current,  the  circuit  will  be 
Agvn  comiileted,  and  it  will  be  found  that  the  part  of  the  wire  that  ii 
taken  aw^y  has  opposite  electricities  at  the  ends* 
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Siuiilarij,  also,  tbe  solution  in  die  battery  and  the  metals  themsehre^ 
like  the  connecting  wire,  are  +  at  one  end  and  —  at  the  other.  11m 
circtiit  thron^ont  consists  of  +  following  —  and  —  following  +.  It 
appears  to  be  electricallj  tbe  same  duon^ioot 

Electrical  Relations  of  the  Elements. — In  the  galvanic  ceQ,  by  the 
decompo^tion  of  the  water,  oxygen  arises  at  die  positive  pole  and 
hydrogen  at  die  negative. 

The  metals  assmne  opposte  dectriddes,  t&e  zinc  being  poadve  and 
the  copper  negative. 

Since  electricities  that  attract  each  odier  are  opposite  to  each  other, 
the  substances  that  are  liberated  at  the  positive  pole  are  called  electro 
negative,  and  the  substances  liberated  at  the  negative  pole  are  called 
electro-positive.  Thus,  in  the  decomposition  of  the  battery,  oxygen 
which  is  liberated  at  the  zinc  is  electro-negative,  while  hydrogen  tdiicii 
is  liberated  at  the  copper  or  platinum  is  electro-positive. 

The  elements  have  been  arranged  as  to  their  electro-chemical  re- 
lations when  associated  in  pairs  in  the  galvanic  celL  According  to 
recent  chemistry,  atoms  are  arranged  in  two  classes,  according  to  that 
combining  power.  Positive  atoms  are  those  which  are  attracted  to  the 
negative  electrode  in  electrolysis,  and  whose  hydrates  are  bases. 
Negative  atoms  are  those  that  are  attracted  to  the  positive  pole  in 
electrolysis,  and  whose  hydrates  are  acids.  The  electro-chemical  series 
are  presented  below : 


Electro-Chemical  Series, 


Negative  end  — . 

Oxygen. 

Sulphur. 

Nitrogen. 

Fluorine. 

Chlorine. 

Bromine. 

Iodine. 

Selenium. 

Phosphorus. 

Arsenic 

Chromium. 

Vanadium. 

Molybdenum. 


Silicon. 
Hydrogen. 


Manganese. 
Lanthanum. 
Didymium. 
Cerium. 


Zinc. 


Gold. 


Osmium. 
Iridium. 
Platinum. 
Rhodium. 


Thorium. 


Zirconitun. 
Aluminum. 
Erbium. 


Ruthenium. 


Palladium. 

Mercury. 

Silver. 


Yttrium. 


Glucinum. 
Magnesium. 

Calcium. 


Copper. 

Uranium. 

Bismuth. 


Strontium. 
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Tungsten. 

Boron. 


Carbon, 


Tin. 

Indium. 

Lead, 

Cadmium. 

ThaUiuin. 

Cobalt. 

Nickel. 

Iron. 


Barium, 

Lithium. 

Sodium^ 


Antimony* 

Teltunum. 

Tantalum. 

Colanibium 

I'itanium. 


Potassium. 
Rubidium. 
Caesium, 
pQSitive  tnd  -h- 


E&ch  atom  of  any  of  the  substances  in  this  list  Is  po^iriv^e  to  an]p 
•lam  of  any  substance  above  it,  and  tjogativt  to  any  one  below  it. 
These  distinctions  are  therefore  purely  relative. 

Thus,  for  example,  copper,  when  associated  in  a  galvanic  pair  in  the 
proper  fluid  iviih  any  one  of  the  elemenis  below  it,  generates  positive 
electricity  and  becomes  electro  positive,  but  when  associated  with  any 
one  of  the  elements  above  it,  becomes  electro  negative. 

The  more  elcctro^negative  any  one  of  the  elements  in  tliis  series  is 
tx>  4  given  element,  the  more  intense  will  be  the  curreut  generated 
when  they  are  united  in  a  galvanic  jiair.  For  exaiiiple,  the  current 
generated  by  zinc  and  copper  is  feebler  than  that  obtained  from  zinc 
d  platinum,  and  the  current  is  less  when  carbon  is  substituted  for 
e  platinum.  The  order  in  the  above  arrangement  is,  however*  by  no 
means  absolute.  The  relative  position  of  the  metals  depends  fre- 
quently on  the  liquid  in  which  they  are  immersed.  Thus  silver  is  — 
toirard  le?'vj  in  a  s::tlution  of  dilute  sulphuric  acid,  while  in  a  solution 
of  cyan"  jc  of  potassium  it  is      toward  it, 

Amai^nmation. — If  jmre  ^inc  is  immersed  in  dilute  sulphuric  acid 
no  change  is  manlfestt  while  ordinary  commercial  zinc  is  qtjickly  dis- 
solved by  it.  The  action  of  the  dilute  acid  or  ^inc  is  due  to  the  iav 
purities  of  iron  or  lead  which  it  contains.  These  impurities  are  electro, 
negative  toward  linc,  and  they  cause  toc&l  cnrrtnts  of  eltctricify. 
When  the  battery  is  closed,  these  local  currents  interfere  with  the 
Action  that  prothices  the  main  current ;  when  the  current  is  open,  they 
may  still  keep  u|)  their  action,  as  is  evidenced  by  the  bubbling  tip  of 
the  gases,  and  thus  the  line  may  be  in  time  destroyed. 

Now,  local  action  in  a  single  battery  cell,  arising  from  the  above 
C3iuse,  not  only  consumes  the  power  of  that  member,  but  reduces  the 
energy  of  the  whole  series.  In  order  to  avoid  this  evil,  resulting  from 
local  action,  it  is  necessary  that  the  dnc  plates  be  amalgamated  with 
mercury.  The  amalgamated  surfaces  are  reduced  to  one  uniforne 
C^trical  condition,  like  pure  zinc,  and  will  remain  in  the  fluid  for  anj 
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length  of  time  unacted  on,  until  connected  with  the  electro-negative 
element. 

At  the  present  time  all  improved  batteries  are  constructed  with  amal- 
gamated zinc 

How  to  amalgamate  Zinc, — ^To  amalgamate  zinc,  first  immerse  it  in  a 
solution  of  dilute  sulphuric  acid  of  almost  any  strength,  so  as  to  clean 
the  surface ;  then  dip  it  in  mercury,  or  pour  mercury  over  it,  and  rub 
it  on  with  a  brush  or  sponge  or  cloth.  The  mercury  will  spread  very 
rapidly  over  the  surface  of  the  zinc,  and  give  it  a  bright,  mercury-like 
appearance.  ^ 

The  art  of  amalgamating  zinc  is  of  great  practical  importance  to  the 
electro-therapeutist,  since  nearly  all  the  batteries  in  common  use  have 
zinc  for  one  of  the  metals.  Amalgamated  zinc  was  first  used  for  gal- 
vanic batteries  by  Kemp,  in  1826. 

Chemical  Action  the  Origin  of  the  Current. — When  the  electrically 
opposite  metals — zinc  and  platinum,  for  example — are  dipped  in  acidu- 
lated water  and  united  at  their  ends,  either  directly  or  by  a  wire,  the 
zinc  has  so  strong  an  attraction  for  the  oxygen  of  the  water  that  ir  unites 
with  it  and  forms  the  oxide  of  zinc.  This  oxide  of  zinc  combines  with 
the  sulphuric  acid  and  forms  sulphate  of  zinc.  The  hydrogen  of  the 
water  escapes  in  the  form  of  gas  at  the  platinum.  The  result  of  this 
chemical  action  is  a  current  of  electricity.  The  zinc  (the  electro- 
negative element)  dissolves,  and  the  quantity  of  electricity  generated 
is  proportioned  exactly  to  the  quantity  of  zinc  dissolved. 

It  had.  been  supposed  by  Volta  and  his  followers  that  simple  contact 
of  the  metals  was  all  that  was  necessary  to  excite  the  current ;  but 
Faraday  showed,  by  two  very  beautiful  experiments,  that  mere  contact 
was  not  sufficient — that  there  must  be  chemical  action  in  the  cell  in 
order  to  obtain  a  current.  It  is  possible  that  all  chemical  actions  are 
attended  with  the  generation  of  electricity  ;  but  only  under  certain  con- 
ditions, or  when  the  amount  is  considerable,  are  we  able  to  detect  it. 

In  what  way  does  Chemical  Action  generate  the  Current  i — In  science 
it  often  happens  that  the  simplest  and  easiest  questions  are  the  hardest 
to  answer.  Just  how  the  current  is  excited  by  chemical  action  we  do 
not  fully  know.  We  know  that  when  the  different  metals  touch  each 
other,  the  positive  electricity  will  go  to  one  metal  and  the  negative  to 
the  other.  This  disturbance,  however,  is  only  momentary,  and  equili- 
brium i?  at  once  restored,  and  no  current  continues. 

Now  we  may  regard  the  atoms  of  oxygen  and  hydrogen  that  make 
up  a  molecule  of  water  as  charged  with  opposite  electricities,  like  two 
different  metals.    When  zinc  and  platinum  are  dipped  in  water,  the 
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itivdy  charged  atom  will  turn  toward  one  metal  and  the  negative 
toward  the  other ;  but  as  long  as  the  metals  do  not  touch  each  other 
the  equihbriiim  is  at  once  restored,  and  there  is  no  current  The  free 
~nd»  of  tl>e  metals  are  in  a  state  of  electric  tension,  and  are  capable 
W  discharging  them&elves  into  a  condenser  or  Leyden  jar.  When  the 
meiaJs  are  made  to  touch  each  other^  cr  are  connected  by  wire^^  they  are 
relieved  of  their  charge,  and  again  become  charged  :  then  again  relieve 
themselves,  and  so  on  indefinitely*  There  is  no  equilibrium  established* 
but  a  constant  effort  to  establish  it,  which  never  succeeds.  This  COTI 
slant  effort  to  establish  an  equilibrium  keeps  up  the  current 

Electricity  a  Mode  of  Motion. — Although,  for  the  sake  of  conve- 
nience! we  speak  of  electricity  as  a  current  flowing  in  certain  direc- 
tions, after  the  manner  of  a  river,  yet,  as  we  have  already  said,  we 
_hould  not  thereby  be  led  into  the  error  of  supposing  that  the  elec- 
tticity  is  a  real  fluid  flowing  through  different  substances,  or  from  on« 
subsiancc  to  another. 

Eitctricity  is  a  disturbance  propagated  in  the  Molecules  of  a  body^ 
and  the  s^me  time  in  the  Ether  pervading  that  b&dy.—^\\^  theory  ihat 
light  was  catiscd  by  the  emission  of  particles  from  the  sun  was  aban- 
doned long  ago ;  and  now  the  theory  thai  light  consists  of  undulations 
fif  ether  i*i  consid^.^rcd  to  be  as  inipregtuble  as  the  theory  of  gravitation. 
Similarly  we  may  believe  tiut  electricity  consists  of  movements  of  a 
different  kind  froiti  those  of  tight,  but  which  is  variously  modified  in  its 
manifestations  by  the  substances  through  which  it  circulates. 

The  impulse  or  movexnent  that  cansiituies  what  we  call  the  current 
may  be  regarded  as  simpJy  a  rin-«le  of  (notion. 

Polarity  of  Electricity,  — Polarity ^  or  properties  in  opposite  directions^ 
is  not  peculiar  to  electricity.  Ligl^c  and  heat  may  also  be  polariied, 
and  chemical  attractions  and  repulsions  are  Jikewise  manifestations  of 
the  polar  qualities  of  atoms.  We  may  gather  a  definite  idea  of  the 
nature  of  electricity  and  the  character  of  the  so-called  '*  current**  by  the 
following  illustration  :  Let  a  tube  be  filled  with  balls,  all  of  which  are 
attracted  to  each  other.  If  the  first  ball  is  turned  round  on  its  centre, 
it  will  turn  in  a  similar  way  the  next  ball,  and  so  on  through  ih^  whole 
series.  There  is  here  no  progress  of  a  material  current,  but  simply  a 
motion. 

If  the  motion  is  rapidly  repeated  through  the  attempt  of  elecrricit)'  to 
find  an  equilibrium,  wc  have  what  we  call  an  electrical  cuircnt, 

Eleciritily  (onveriihle  into  the  other  Great  Forces. — We  see  in  thii 
ieccion  on  electro-physics  many  illustrations  of  the  transformation  of 
one  force  into  another,    If  we  start  witli  heat,  we  6nd  that  it  pra 
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duces  c'.ectricity,  and  through  electricity  i>rt>duces  cliemical  action, 
magnetisniT  and  light.  If  we  start  with  magnetism,  we  find  that  H 
produces  electricity,  and  through  electricity  heat,  chemical  action,  and 
light*  If  we  start  with  chemical  action,  we  find  that  it  produces  heat* 
light,  and  electricity.  If  we  start  with  electricity,  we  find  that  it  pro- 
duces magnetism,  heat,  light,  chemical  action,  and  motion. 

Conversion  of  RUctriciiy  into  Heat.  The  Ehciric  Li^hi. — By  the 
law  of  the  correlation  of  forces  the  electricity  generated  in  a  battery 
may  be  converted  into  heat.  This  heat  may  remain  in  the  battery  or 
be  transferred  to  any  part  of  the  circuit.  In  order  to  convert  the  elec- 
tricity into  heat  it  must  pass  through  some  poor  conductor  that  resists 
its  passage^  and  thus  compels  It  to  appear  as  heat.  With  ordinary 
thick  copper  wire  there  is  but  little  sensible  heat  in  the  passage  of  a 
current,  because  cojJi>er  wire  is  a  good  conductor;  but  when  platinum 
wire*  which  is  a  poor  conductor,  is  used*  it  is  rallied  under  a  strong 
current  to  whitc  hcat.    This  has  been  ulilizt-d  in  galvano^canicry. 

In  tlie  electric  light  the  heat  is  transferred  to  carbon  points  interposed 
in  the  circuit,  Particlt^s  of  carbon  become  incandescent,  and  are  volatil- 
ised and  transported  from  the  positive  to  the  negative  pole.  A  mcta] 
or  other  substance  may  give  an  electric  light,  but  carliou,  on  account  of 
it£  friability,  gives  a  better  and  stronger  light  than  atiy  other  substance* 
The  electric  light  was  invented  by  Sir  Humphry  Davy  in  1S13. 

Compound  Galvanic  CtrcUs, — The  compound  galvanic  circle,  or  gal 
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va-iic  battery,  is  composed  of  two  or  more  simple  galvanic  circles.  Tltey 
ate  50  connected  together  that  the  copper  of  one  battery  is  joined  to 
the  zinc  of  the  next,  and  so  on  throughout  the  series.  By  combining 
together  a  number  of  cups,  such  as  are  represented  in  Fig.  12,  we  form 
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tn  excellent  compound  circuit.  E^ch  cup  contdins  ^  nnc  and  a  coppet 
pble,  which  are  connected  togetlier  as  described  abo\  e.  By  exaniiaiiig 
this  arrangemetitj  it  will  be  seen  that  one  extreme  of  the  series  is  cop- 
jjer  ami  the  other  zinc.  If  these  two  extremes  or  poles  are  connected 
by  a  copper  wire,  the  current  will  flow  in  the  direction  of  the  ajrows, 
)>och  through  tlic  series  and  over  the  wires. 

Ifrrtv^Jy  or  Pariia/i  or  Branch  Currmts. — When  a  current  in  its 
passage  through  any  conductor  meets  with  different  qualities  of  resist- 
ance, it  subdivides  into  various  branch  currents.  In  Fig,  13  the  cur- 
rent goes  from  the  elements  through  tl^e  wire      Si  Pi     '*^t        ^  ^ 
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id  wire,  rtf  Xt  g  be  interpobcdf  the  current  will  divide  at  ^,  »r, 
part  going  by  way  of  ^  and  part  around  through  The  divided 

currents  which  go  through  the  wires  are  called  derived  cr  partial  cur- 
rcDts,  If,  instead  of  one  or  two  wires,  a  large  number  were  interposed^ 
the  current  would  subdivide  itself  as  many  daies  as  ibere  were  wires, 
pajT  going  through  each  wire. 

In  thus  dividing  into  derived  Or  pardal  currents,  two  laws  arc 
obeyed ; 

fSL  TYti  sum  &f  the  strtnglh  of  the  divided  current  is  equal  to  tht 
ttrtagth  of  the prineipai  eurrent.  If  {in  the  figure)  ihe  strength  of  the 
current  /,  n  \%  40,  and  g^x^  n  b  60,  then  the  strength  of  the  prin- 
cipal current  in         before  division,  is  100. 

sd.  The  strength  of  the  currents  in  the  divided  parts  is  inversely 
ms  the  resistanee  in  those  parts.  This  law  supplements  the  first,  Re- 
li^tancc  is  directly  as  the  length  and  inversely  as  the  diameter. 

If  the  derived  wires  are  of  the  same  length  and  diameter  as  the  prin- 
cipal wire,  then  the  current  will  divide  into  equal  parts  between  them^ 
If  the  derived  wires  are  of  the  same  length  as  the  principal  wire,  but 
(rf  unequal  diameters,  the  current  will  divide  unequally,  according  to 
the  diameter  of  each  wire.  The  law  may  be  illustrated  by  thinking  of 
Che  course  tiiat  rivers  pursue  when  they  are  subdivided  or  split  up  inbo 
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deltas.  The  quantity  of  water  that  flows  through  all  the  subdivisions 
or  deltas  would  be  equal  to  the  quantity  that  flowed  through  the  main 
fitream  before  the  divisions  took  place.  If  the  subdivisions  are  of  dif- 
ferent sizes,  the  deepest  and  widest  will  convey 
the  most  water. 

When  electricity  passes  through  the  human 
body  it  encounters  tissues  that  differ  considerably 
in  their  conductivity,  and  hence  it  subdivides  into 
an  infinite  number  of  derived  or  partial  currents* 
the  strength  of  which  varies  with  the  nature  and 
length  of  the  tissues.  This  point  will  be  furthei 
illustrated  in  electro-physiology  and  electro  thera^ 
peutics. 

Description  of  Galvanic  Batkriis, — Under  this 
head  may  properly  be  included,  first,  a  description 
of  the  voltaic  pik^  which  was  constructed  by  Volta 
in  1799,  and  became  known  in  England  in  iSoo. 
The  apparatus  consists  of  a  nuinber  of  disks  piled 
one  above  the  other.  The  arrangement  is  in  the 
foUow*ing  onler :  A  disk  of  copper  is  placed  on  a 
frame  of  wood ;  a  disk  of  cloth,  moistened  bf 
acidulated  water,  is  then  placed  on  the  copper, 
and  then  a  disk  of  zinc  on  the  cloth  completes 
what  is  called  the  voltaic  couple.  A  series  of 
such  couples  constitutes  a  voltaic  pile — the  ter- 
minal copper  being  the  positi^^e  and  the  terminal 
zinc  the  nega'tive  pole, 
This  apparatus  is  inconstant  and  unreliable,  easily  corrodes,  has 
many  inconveniences,  and  is  now  but  little  used.  Various  modifications 
of  the  voltaic  pile  have  been  devised,  but  all  of  them  are  loo  inconstant 
for  electro-therapeutical  purposes,  or  indeed  for  any  sustained  use 
whatsoever 

PolarizaiiQn  in  Batteries. — AVhen  two  metals,  as  zinc  and  platinum, 
are  placed  in  acidulated  water,  the  platinum  plate  becomes  covered 
with  a  film  of  hydrogen.  This  hydrogen  is  electro-positive,  like  zinc, 
and  so  when  the  platinum  becomes  well  covered  we  have  electro-posi- 
tive zinc  opposed  to  eiectro-positive  hydrogen,  and  thus  the  current  be- 
comes  enfeebled,  if  not  destroyed-  This  polaruation  in  batteries  is  pre- 
vented in  two  ways ; 

1st.  By  keeping  the  liquids  in  constant  agitation.  Blowing  into  the 
liquid  with  a  bellows,  or  stirring  the  liquid  by  any  mechanical  arrango 
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mentt  keeps  the  surface  of  tJie  platinuni  or  carbon  free  from  hydrogen, 
mud  thus  [ireveats  the  weakening  of  the  current 

Dr.  Byrne,  m  his  galvano-cautery  battery  (to  be  described  in  the  sec- 
tioD  ^n  Electro-surgery),  has  availed  himself  of  this  depotajri^ing  power 
of  mechanical  agitation,  and  has  thus  succeeded  in  obtaining  a  great  and 
enduring  quantity  of  electricity  from  a  comparatively  small  surface. 

On  the  same  principle  we  explain  the  fact  that  lifting  the  metals  out 
of  the  liquid  for  a  moment  0(  two  at  once  increases  ihe  strength  of  the 
current  ^Vhile  in  action,  thi  hydrogen  accumulates  on  the  platinum  ; 
by  removing  the  metals  from  the  liquid  an  instant,  the  hydrogen  escapes 
aod  the  battery  is  as  good  as  ever. 

2d  By  the  use  of  /wif  liquids.  The  cells  of  Gro\*e,  Daniells,  and 
BUDseo,  to  be  hereafter  explainedj  are  constructed  so  as  to  avoid  polari- 
sation of  the  metals. 

Polarhation  of  Eltctrcdes  and  Currenis  of  Polarisation, — ^The  elec- 
trodes that  convey  the  current  through  acidulated  water  also  become 
pol^zed. 

Oxygen  covers  the  positive  and  hydrogen  the  negative  electrode. 
Hydrogen  being  electro-positive»  and  oxygen  electro-negative,  these 
two  gases  act  like  two  metals,  and  if  the  cturent  of  the  battery  be  bro- 
ken and  the  two  tihns  of  oxygen  and  hydrogen  are  connected  metaJli- 
caHy,  an  electric  current  is  obcaincdt  just  as  a  current  is  obtained 
betweeti  zinc  and  platinum.  In  the  liquid  the  current  flows  from  the 
dim  of  hydrogen  to  die  film  of  oxygen.  Two  electrodes  covered  in 
this  way  with  films  of  gas  are  called  polariztdi  and  the  currents  gene- 
rated by  these  are  called  the  currmts  of  polarisation*  These  curreuts 
of  polarisation  are  always  in  a  direction  opposite  to  the  main  current, 
and  tend  to  interfere  with  and  weaken  it.  This  polarization  of  the 
electrodes  takes  place  more  or  less  in  all  applications  of  the  galvanic 
current.  One  evidence  of  this  is  tlie  discoloration  of  the  electrodes 
tliat  are  employed  io  electrization  after  long  use.  To  meet  this  difficulty 
unpi4iiritablt  electrodes  have  been  devised.  These  will  be  described 
under  Electro  therapeutics. 

Secondary  FiUs  and  Gas-BaittrUs.-^Xl  a  series  of  plates  of  plati- 
num, with  moistened  cloths  between  them,  be  connected  with  the  poles 
of  a  battery*  the  gases  (oxygen  and  hydrogen)  resulting  from  the  decom- 
position of  the  water  accumulate  in  films  on  the  pladnum.  If  now  the 
scries  be  separated  from  the  battery^  it  will  itself,  through  the  action 
between  these  films  of  gases,  generate  a  currenL  A  pile  thus  formed 
is  called  a  secondary  pile.  It  was  discovered  by  Ritter,  The  gas- 
oattcrv  of  Grove  ta  constructed  on  the  same  principle.    The  gases  are 
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coUcfCted  in  glass  tubes,  oxygen  in  one  and  hydrogen  in  the  olhef^  uid 
111  each  lube  is  fastened  a  platinum  electrode.  The  tubes  are  inverted 
over  sulphuric  acid.  When  the  electrodes  are  connected  with  a  gal- 
vanometer a  current  is  indicated,  the  direction  of  which  is  from  oxygen 
to  hydrogen. 

There  are  two  general  varieties  of  batteries,  double  and  singU  ceil 
jyoubU-celi  Constant  MaiUrus^ — The  current  produced  by  elenicuts 
with  a  single  liquid  becomes  rapidly  enfeebledt  because  of  tlie  ])olarizai- 
lion.     This  poiaritaiioH  is  prevented  in  the  doublc-ceU  batteriea 
of  Darnell,  Grove,  and  Bun&en,  by  placing  the  electro-negative  cle- 
ment in  a  liquid  that  is  acted  upon  chemically 
by  the  deposited  hydrogen.    Currents  frotu 
these  two-cell  batteries  are  called  rmsitifjt^ 
because  the;  do  not  weaken  so  rapidly  as 
currents  from  single-cell  batteries,  and  the 
metals  can  be  allowed  to  stand  all  die  time 
in  the  solution, 

Hie  tenn  constant  ib  now  applied  to  the 
gtih'anic  current,  however  generated,  as 
distinguished  from  the  induced  or  faradic 
current. 

Danielts  Battery,— 15  Ti^pre&ents  a 
siugie  cell-  V  is  a  glass  or  porcelain  vessel 
nearly  filled  with  a  saturated  solution  of 
sulphate  of  copper  C  is  a  cylinder  of  cop- 
per, open  at  both  ends  and  perforated  by  a  number  of  holes.  G, 
i^hich  is  also  perforated  by  holes,  is  an  annular  shelf  at  the  upper  por- 
tion of  the  zinc  cylinder,  upon  which  crystals  of  sulphate  of  copper  may 
be  placed  to  supjily  the  waste  in  the  cell  caused  by  the  electrical  action. 
P  is  a  thin  porous  vessel  of  unglazed  earthenware,  containing  the 
amalgamated  cylinder  of  iinc  Z,  and  a  solution  either  of  common  sail 
or  dilute  sulphuric  acid.  The  elements  are  connected  in  series  by 
strips  of  copper,  /  and  which  are  fixed  to  the  copper  and  zinc  by 
means  of  binding-screws.  When  the  circuit  in  ihe  battery  just  dc 
scribed  is  closed,  an  atom  of  zinc  replaces  and  liberates  from  the  nitric 
icid  two  atoms  of  hydrogen,  thus  producing  sulphate  of  ^mc.  The 
liberated  hy-drogen  replaces  one  atom  of  copper  in  the  sulphate  of 
copper,  which  by  electrolytic  action  is  deposited  on  the  copper  element, 
or  sometimes  on  the  porous  cup.  Polarisation  is  the  resistance  to  tlie 
passE^e  of  the  current  xii't>duced  by  a  deposit  (such  as  hydrogen)  or 
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either  of  the  elements.  Ko  such  deposit  occurs  in  ihis  battery,  hence 
the  current  is  constant, 

Or»Jer  of  tlic  parts  in  DanicU's  sulphate  of  co[^per  battery;  ist,  einc  j 
3(if  sul|jhuric  aciJ  ;  3d»  -porous  cup]  4th}  sulphate  of  copper;  5th, 
copper. 

Zn  +      SO,  +  Cu  SO,  =  Zn  SO,  -h  H.  SO,  +  Cu 

The  current  obtained  from  this  battery  will  flow  with  undiminished 
strength  for  hours,  and,  in  fact,  is  superior  to  all  its  fellows  in  con- 
fttaocy*  Danteirii  battery  was  invented  in  i8j6.  The  modifications 
of  Danieirs  battery  are  quite  numerous ;  among  them  we  may  men- 
lion  those  of  Hill*  Siemens-Halske,  and  Atuirhead. 

Grct'^s  BatUry. — This  l>attcry  (hffcrs  from  Daniell's  mainly  in  the 
fubstitulion  of  a  nitric-acid  for  a  sulphate-of-copper  soluti^n^  and  pla- 
tinum for  copper,  by  which  increased  electro-raotive  force  is  obtained. 
Id  Fig.  16,  A  represents  a  glass  vessel  containing  dilute  sulphuric  acid, 
Z  a  cylinder  of  zinc  open  at  both  ends,  and  V  a  porous  pipe-clay  vessel 
l>artially  filled  with  nitric  acid.  P  is  a  plate  of  platinum^  with  a  cover, 
C,  which  rests  on  the  porous  vessel  when  the  platinum  is  immersed  in 
the  nitric-acid  solution  ;  b  and  a  are  binding-screws,  which  connect  re* 
selectively  with  the  platinum  and  zinc. 

In  this  arrangement  a  double  reaclion  occurs  between  the  zinc»  sul- 
phuric acidand  nitric  acid,  giving  as  a  result^  sul[)hate  of  zinCp' water  and 
nitrogen  dioxide,  which  is  disengaged,  and  by  contact  with  the  air  be* 
comes  nitrogca  tctroxidc.  The  reaction  in  Grove's  nitric-acid  battery 
is  as  follows:  ist,  zinc ;  3d,  sulphuric  acid;  jd,  porous  cup  \  4th,  nitnc 
acid  ;  5lh,  platinum. 

Zn,  +  +  (HXO,),  =  (Zn  SO,),  +  N.O.  +  {H.  O), 

il*o  O,  -I-  0»  =  O,  by  contact  with  the  atmosphere.  Force 
jusf  be  lost  by  the  evolution  of  these  nitrous  fumes.  Prof.  Wolcott 
Gibb$,  of  Cambridge,  has  discovered  that  a  small  quantity  of  b^chromat'i 
of  potash  in  the  mlric-acid  cup  of  Grove's  battery  acts  as  3  deodorizer 
by  taking  up  the  disagreeable  nitrons  acid  fumes.  Thus  one  of  the 
most  serious  objections  to  the  use  of  this  battery  i^  removed. 
Grovc*s  battery  was  invented  in  J839.  It  is  very  powerful,  and  ii 
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nuicti  used  in  telegrapliy.  It  has  also  been  employed  m  galvaiK^ 
cautery. 


Kin,  18, 


Bunsefj*s  Double  fell  J^iiric  Acid  Battery. — This  bitt^ry  Is  very 
similar  lo  Grove'$.  It  difTcrs  from  it  only  in  the  siibstirution  of  carbon 
for  platinnni.  The  letter  P  in  Fig,  ty  represents  a  single  element,  ai 
it  appears  when  ready  for  use. 


Fig,  "7' 


F  IS  a  vessel  of  glass  containing  dihile  sulphuric  aci<I.  Z,  a  cylindei 
of  amalgamated  zinc  V,  a  porous  vessel  partly  filled  with  ordinary 
nitric  acid  ;  and  C,  a  bar  of  carbon  or  coke.  The  zinc  is  first  placed 
in  the  vessel  F,  after  which  the  porotts  vessel  V,  into  the  nitric-acid 
solution  of  which  the  carbon  C  has  been  immersed,  is  inserted  into  the 
zinc  cylinder.  The  binding  screws  m  and  n  are  respectively  the  poM> 
rive  and  negative  poles.    The  elements  are  arranged  in  the  fonn  of  9 
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compound  battery,  by  means  of  the  clamp  m  and  a  rod  connectmp 
the  carbon  of  one  ceU  with  the  zinc  of  the  following. 

Bun^^'s  BkhrofiUiU  BatUry. — In  this  battery  a  solution  of  buhns 
maii  of  patash^on^  part  to  twelve  parts  of  water — is  placed  in  the 
porous  cup, 

Tbc  order  of  the  parts  in  Bunsen's  Bichromate  Battery  is  as  follows : 
1st,  «nC;  2^,  sulphuric  acid;  jd,  porous  cup;  4thj  sulph.  acid  antl 
bichromate  of  poush  ;  5tli|  carbon. 


ChfPtnt-alum^  sulp?ia(e  of  ztncy  and  wafer,  arc  the  products.  The  office 
of  the  porous  cup  is  to  keep  the  bichromate  of  potash  from  the  surface 
of  thezinCt  and  thus  more  uniformity  and  constancy  of  action  is  attained. 

While  the  action  of  Bonsen's  battery  is  the  most  energetic  of  all  the 
constant  baitcnes.  and  whiSe  the  first  cost  is  less  than  Grove's,  it  is  yet 
more  exisenaive  to  work  and  more  inconvenient  to  manipulate.  Bun- 
sen's  battery  was  invented  in  1843. 

lValkfr*s  Stn^'U-^e//  Zinc-carbffn  Batt^y, — In  this  battery  carhm 
is  substituted  for  the  platinum  of  the  Smee  battery,  and  tbc  solution 
used  is  composed  of  bichromate  of  jioiash,  sulphuric  acid,  and  water, 
the  same  as  in  Riinsen's  battery.  Tlie  carbon  is  usually  the  pressed 
and  baked  graphite  of  the  gas-works.  There  is  considerable  differ- 
ence in  the  quality  of  the  carbon  a*  sold  in  the  market  ;  the  more 
thoroughly  it  is  pressed  and  baked,  the  better  it  will  be.  Carbons  that 
are  poorly  prepared^  or  that  contain  impurities,  easily  become  soaked 
with  fluid  and  the  salts  of  the  soUitions,  and  also  generate  local  currents 
that  interfere  with  the  main  current  Sometimes  the  carbons  are 
platinized,  that  \%  covered  with  finely-divided  platinumj  as  is  the  silver 
in  the  Smee  battery.  The  proportion  of  the  solution  used  in  Walker's 
battery  is  as  follows  : 


The  reaction  is  the  same  as  in  Bunsen's  Bichromate  Batterjf  just  de- 

To  prepare  this  mixture,  add  the  sulphuric  add  to  the  water,  and 
whtn  this  is  €Ool^  add  the  bichromate  of  potash  well  pulverized.  Do 
not  immcrfic  the  element*  in  the  fluid  until  it  is  perfectly  ^^w/,  for  when 


ReacHon* 


Zn,  +  (H.  SO.),  +  F:,  Cr.  O,  +  (H.  SO.). 
=  (Zn  SO,),  +  K,  Cr.  (SC.).  +  (H.  O), 


Sulphuric  add, 
Bichromate  of  potash,  i£ 
Water  


5i. 
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hot  the  fluid  sa.turates  the  carbons  and  removes  the  amalgam  from  thi 
«inc,  and  thus  injures  very  seriously  the  working  power  of  the  battery.* 
The  proportions  of  sulphuric  acid  and  bichromate  of  potash  above  given 
may  be  varied  more  or  less  as  may  be  desired.  Math^^malical  accu- 
racy is  not  required.  If,  however,  the  solution  is  excessively  strong, 
if  the  proportion  of  bichromate  of  potash  and  sulpliuric  acid  is  too 
great,  say  two  or  three  times  what  is  here  given,  the  battery  will  wear 
away  very  rapidly  and  a  greenish-black  deposit  will  be  found  in  the 
bottom  of  the  cells.  This  deposit,  which  sonietiiTies  fomis  very  hardnr 
and  is  difficult  to  remove  without  breaking  the  glasses,  is  the  chrome- 
aUnn,  and  is  a  result  of  the  decomposition  of  the  salts  and  acids  that 
takes  place  while  the  battery  is  in  action.  Like  the  Smee  batter>*,  the 
zinc-carbon  battery  will  need  to  be  occasionally  amalgausated,  but,  un- 
like the  Smee  battery^  it  does  not  require  any  mercury  in  each  cell,  and 
the  i-Ji  tsence  of  mercury  will  give  rise  to  local  action.  We  speafe  thus 
particularly  of  the  simple  zinc-carbon  battery,  because  it  is  one  very 
widely  used  in  electro-therapeutics,  and  it  is  imjiortant  that  its  manage- 
ment should  be  well  understood.  The  galvanic  batteries  of  Stohrer,  of 
the  Galvaao-faradic  Manufacturing  Company,  and  of  Kidder,  are  mosdy 
of  single- cell  ^inc-carbon  elements.  The  zinc-carbon  battery,  like 
Suiee\  to  be  hereafter  described,  is  not  constant.  If  the  metals  arc  kept 
long  immersed  in  the  sohilion,  thu  power  rapidly  goes  down.  It  is 
necessary,  therefore,  to  keep  ihe  nictals  mti  of  the  sohH  'wn^  except  when 
the  battery  is  in  use.  In  this  respect  the  battery  differs  very  much  from 
the  batteries  of  Grove,  Bunsen,  ami  1-echanch^,  where  the  metals  are 
never  removed  from  the  solution  except  to  be  cleaned  and  repaired, 

Smee^s  BatUry. — This  battery,  invented  in  1840,  is  very  economicat, 
convenient,  and  easy  to  manage,  and  on  that  account  has  been  con- 
siderably employed  in  electro-magnetic  ajiparatus.  It  consists  of  a 
plate  of  comigated  platinum,  or  silver  covered  with  finely-divided  plati- 
nunij  between  the  two  plates  of  zinc,  in  a  solution  of  sulphuric  acid  and 
water  {one  part  to  ten  or  twelve). 

The  order  of  the  parts  in  Smee's  Sulphuric  Acid  Battery  is  as  follows  ; 
ist,  zinc;  zd,  bulphunc  acid  ;  3d,  platinum. 

Zn  +  H,  SO,  =  2n  SO,  ^  H. 

•  It  LI  well  known  that  when  sulphuric  acid  and  water  ore  mixec!,  the  solution  Ix- 
,oniei  very  dot.  The  cuplTnation  of  lliis  is,  tliat  i'.  mixings  the  ntonis  of  the  water  nrc 
attracted  to  ih«  aioins  of  the  sulphui'ic  acid  ;  in  other  words,  jvork  is  lianc.  The  vol* 
uiLie  h>  dimiiiL^hed  3  cent.,  and  the  heal  that  appears  is  a  rcsull  o{  the  -work  vhai 
performed. 
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The  chemical  action  of  this  battery  is  more  rapid  than  that  of  the  siil 
phate  of  copper  battery,  because  platinum  is  mof  e  positive  than  copper, 
whose  place  it  occupies  in  the  sulphate  of  copper  battery.  The  dis- 
engagement  of  the  hydrogen  is  effected  by  niechaincal  means,  but  there 
must  be  a  large  loss  of  force  in  chan^ng  hydrogen  to  a  gaseous  state, 
precisely  as  force  is  lost  in  changing  water  to  steam. 

The  object  of  corrugating  the  platinum  plate,  or  making  it  into  folds 
or  furrows,  is  to  give  greater  surface.  The  object  in  covering  it  with 
finely-divided  platinum  is  to  roughen  the  surface  so  that  the  hydrogen 
not  adhere.  It  is  customary  in  using  die  battery  to  keep  abotil 
a  taWespoonful  of  mercury  in  the  bottom  of  the  cup,  in  order  thai 
the  iincsmaybe  all  the  time  well  amalgamated.  Care  should  be  taken, 
tn  the  preparation  of  this  battery,  to  prevent 
the  mercury  from  collecting  on  the  platinum 
pUlc,  If  by  any  carelessneso  it  does  get 
OD  tJ&e  platinum  plate,  it  will  turn  it  to  the 
color  of  mercury,  and  will  weaken  or  destroy 
the  foicc  of  the  battery.  In  this  battery 
tDOre  or  Less  action  goes  on  even  when  the 
connections  are  not  made  ;  this  is  evidenced 
by  ihe  formation  of  sulphate  of  ^inc  at  the  top 
of  the  tiietals  after  they  have  been  long  im- 
tnrrsed.  It  is  therefore  an  advantage  in  using 
the  battery  to  keep  the  elements  out  of  ih£  so- 
iutson  when  not  needed.  If  kept  constantly 
tnirocrsed,  like  Danieirs  battery,  it  very  soon 
loses  its  power  and  becomes  thoroughly  incrusled  witli  sulphate  of  zinc. 

Leclanch? s  Batiery. — During  the  past  few  years,  this  battery  has 
Attracted  great  attention  in  Europe^  both  among  telegraphists  and  elec- 
tro-therapeutists. The  great  advantage  that  is  claimed  for  it,  where  it 
ifl  not  used  too  long  at  a  time,  is  that  it  is  far  more  constant  than  any 
other  battery  yet  invented*  The  battery  was  devised  by  Leclanch^,  a 
Frenchman^  in  i86S,  and  bears  his  name.  K  Leclanch^  cell  consists 
of,  ist,  a  cylinder  of  zinc  in  a  concentrated  solution  of  chloride  of  am* 
monium  ;  ad,  a  rod  of  carbon,  packed  with  powdtred  carbon  and  na- 
tive peroxide  of  manganese  in  a  porous  cell.  The  whole  is  closed  with 
a  cover.  The  chemical  changes  that  take  place  in  a  Leclanch^  bat- 
tery are  these  :  Chloride  of  ammonium  is  decomposed,  chlorine  com- 
bining with  the  xinc,  hydrogen  being  absorbed  by  the  oxygen  of  the 
peroxide  of  nianganeset  and  ammonia  being  liberated.  The  ammonii 
K  absorbed  by  the  water,  but  in  process  of  time  the  water  becomef 
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samrated,  then  the  ammonia  esca^>es  through  the  opening  in  tht 
cover* 

The  chemical  formula  is  as  follows ; 
Zn  +  (CI  NH,),  ^  (Mn  OJ.  =  Zn  CI.  +       O  +  (NHJ,  f  Mn.  O, 

Leclanch^*s  battery  was  first  arranged  for  elecCro-Uierapeutics  b> 
GaifFt,  an  instmrnent-maker  of  Paris*  It  has  been  modified  byTripier, 
the  well-known  French  electro-therapeutist,  by  Keyser  and  Scliinidt, 
of  Berlin^  and  a  portable  form  has  been  devised  by  BceU,  of  Munich. 
Ledanchifi^s  battery  has  one  great  advantage  and  some  disadvantages. 
Its  advantage  lies  in  its  power  of  endurance.  If  not  overworked  il 
will  stand  for  months  and  years,  and  yet  retain  sufhcient  power  to  b« 
quite  tisefiil  in  electro-therapeutics.  This  is  not  true  of  any  other 
battery ;  even  Danieira,  the  most  constant  of  all,  and  as  variously 
modified,  requires  replenishing  or  cleaning  every  few  mondis,  else  il 
goes  down  to  nothing. 

Its  disadvantages  are  these  : 

isi.  It  rapidly /(>/(7m^^,  and  so  generates  a  secondary  current  thai 
weakens  the  main  current.  This  polarization  only  takes  place  when 
the  battery  is  in  action  ;  if^  therefore,  the  battery  is  but  little  used,  or 
only  occasionally,  this  disadvantage  does  not  appear. 

ad.  The  free  ammonia  that  escapes  after  the  water  becomes  satu- 
rated is  annoying. 

On  account  of  these  disadvantages,  Leclaiichi*s  battery  has  not  been 
as  popular  among  telegraphers  as  was  at  one  time  expected  it  would  be 
Among  European  electro-therapeutists,  however,  it  is  considerably  used- 
It  is  sometimes  employed  in  electro-iuagnetic  or  induction  machines. 

Ca/Ian*s  Iron-zinc  Battery. — In  this  battery  the  positive  plate  ia 
zinc  in  dilute  sulphuric  acid ;  the  negative  plate  is  irsn  in  strong 
nitric  acid.  The  great  practical  difficulty  with  this  battery  is,  that 
under  certain  conditions  it  may  suddenly  and  rapidly  evolve  nitroui 
fumes.  This  complaint  has  been  made  even  by  those  who  have  adopted 
this  form  of  battery  in  electro-surgical  practice,  7'he  common  explana- 
tion that  the  phenomena  displayed  by  this  battery  are  due  to  llie  pas- 
sivity of  iroDj  is  not  in  accordance  with  the  more  recent  doctrines  of 
physics.  1^18  fact  is  a  serious  objection  to  the  use  of  these  batteries 
In  electro-therapeutics.  They  have  been  employed,  however,  for  the 
puriiose  of  galvano-cauter^- 

WoUasiotis  Zinc-copper  Battery. — This  form  of  battery,  devised  b> 
Wc^llaston  in  1801,  is  now  pretty  well  displaced  by  modern  improve 
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meuts.  It  consists  of  a  copper  vesset^  enclosing  a  solution  of  sulphaU 
of  copper,  a  ^inc  plale,  or  a  sheet  of  copper  folded  over  a  piece  of 
jfinCi  so  as  to  have  hcth  facts  of  the  zinc  exposed  to  chemical  action 
d  so  increase  the  quantity  of  electricity.  The  two  objections  to  ihe 
tlcry  are,  that  it  is  not  constaiit,  and  the  metals  must  be  kept  out  of 
tlieaoluaon  except  when  in  actual  use,  and  that  die  zinc  becomes 
lapi^y  corroded  with  a  deposition  that  weakens  the  force  of  the  bat- 
tery* Thts  deposition  raust  be  constantly  cleared  and  scraped  off,  if 
wc  would  keep  up  the  strength  of  the  current. 

The  order  of  the  parts  in  the  sulphate  of  copper  battery,  single  ceU^ 
is  as  follows:  ist,  jcinc]  sd,  sulphate  of  copper;  3d,  copper. 

Za  H-  Cu  SO^  =  Zn  So^  +  Cu 

In  this  battery  any  Local  action  on  the  zinc  will  deposit  metallic 
copper  in  the  fonii  of  a  black  powder  upon  the  ^inc,  or  an  oxide  of 
copper,  which  forms  a  covering  on  the  surface  of  the  zinc. 

For  this  reason  the  zinc  must  be  amalgamated  or  else  frequently 
cleaned  Sulphate  of  copper  must  be  frequently  added,  so  that  the 
battery  shall  be  charged  wiXh  a  saturated  solution  of  that  salt ;  but  care 
must  he  taken  that  the  solution  of  sulphate  of  zinc  doe^  not  approach 
satxt  ration. 

The  necessity  of  frequently  cleaning  and  scraping  the  zinc  in  this 
tery  is  a  most  serious  disadvantage,  and  on  that  account  mainly  it  is 
not  to  be  recommended  to  the  electro-therapeutist. 

iVaf^r  Batfery, — If  a  large  number  of  cylinders  of  zinc  and  copper 
be  immersed  in  water  in  glass  jars,  and  are  properly  protected  &om 
light  and  dust,  a  current  of  electricity  will  be  produced  A  battery 
of  130  pairs  causes  the  gold  leaves  of  the  electroscope  to  diverge,  and 
i»*oo  pairs  gives  a  strong  shock.  A  battery  of  2,000  or  3*000  pairs  is 
very  powerful.  Batteries  of  this  kind  have  been  constructed  by  Crosse, 
Koad,  and  Gassiot. 

These  water  batteries  will  keep  their  power  for  years,  provided  water 
18  supplied  to  them  to  make  up  for  the  loss  from  evaporation.  They 
tdtke  up  a  large  space,  and,  on  account  of  the  great  resistance  of  the 
water,  give  but  a  small  quantity  of  tteciricUy.  For  these  two  reasons 
they  offer  no  advantage  for  medical  use. 

Marine  Battery, — A  sea-water  or  marine  battery  has  been  constructed 
by  Duchemin^  of  France.  A  cylinder  of  carbon  and  zinc,  attached 
to  a  cork,  is  put  into  the  sea,  and  connected  with  the  shore  by  con 
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tlucdng  wires.  As  the  ocean  furnishes  the  exciting  fluid,  it  needs  nt 
replenishirg*  It  was  hoped  ciiai  a  battery  of  thh  kind  might  be  of 
suflicicnt  strength  to  furnish  an  electric  light  for  light-houses.  Thi« 
hope,  so  far  as  we  know,  has  not  been  realized, 

Z^ry  Pii€, — Dry  piles  have,  instead  of  liquids,  some  solid  hygromelric 
substances,  as  paper  or  leatlier.  There  are  many  varieties  of  dry 
piles.  Those  of  Zamboni,  which  are  best  known,  are  composed  of 
tin  or  silver  and  bi'noxide  of  manganese.  A  piece  of  paper  is  tinned 
or  silvered  on  one  side,  and  the  other  side  is  covered  with  powdered 
binoxide  of  manganese.  These  sheets  are  cut  into  disks,  about  one 
inch  in  diameter,  and  arranged  so  that  the  tin  or  silver  of  each  disk  i* 
in  contact  with  the  niaiiganese  of  the  next  in  the  series.  A  ZaniboQi 
pile  of  200  couples  is  very  feeble  and  slow  in  its  action,  but  it  can 
charge  a  Leyden  jar^  and  it  is  quite  pennanent. 

Instruments  f&r  Afeasurmg  Electricity, — The  instruments  for  mea- 
suring electricity  are  quite  numerous,  and  some  of  them  are  very 
dehcate.  It  is  necessary  here  to  describe  only  a  sufficient  number  to 
illustrate  the  principles  involved. 

The  Voltameter. -^'X\it,  voltameter  is  an  instnmient  devised  by  Fara^ 
day  to  measure  the  strength  of  ihe  galvanic  current  It  is  a  graduated 
titbe  that  receives  and  accurately  measures  the  quantity  of  ga^  that  is 
generated  by  the  decomposition  of  water  by  the  current  in  a  given 
time. 

In  Fig.  the  platinum  needles  connected  with  the  poles  of  the  bat* 
tery  are  inserted  through  the  cork,  at  the  end  of  the  tube*  The  gases 
that  result  from  the  electrolysis  rise  to  the  top,  as  tlie  tube  is  held  up- 
right, and  repel  the  water  through  a  hole  in  tlie  cork. 


This  is  a  very  tmstworlhy  method  of  measuring  currents  and  of 
comparing  batteries.  If  we  wish  to  ascertain  how  one  battery  com* 
pares  with  another  in  strength,  or  whether  a  battery  has  weakened  by 
use  or  long  standing,  or  whether  the  strength  is  suiftcient  for  a  power- 
ful  electrolytic  operation,  the  voltameter  will  give  us  precisely  the  infor- 
maiion  we  seek, 

Gaivanomeiers.—K  galvanometer  is  an  instrument  for  indicating  the 
picsence  and  direction  of  a  current,  and  for  measuring  its  strength. 
There  are  severd  varieties  of  galvanometers,  but  all  are  constructed  01? 


Galvanometers. 
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tlic  same  general  principle — a  magmt  Jr^ety  hung  so  as  /*?  deftrcfed  &j 
the  J^assage  of  a  currtnt  through  a  coil  of  insulated  wire,  Gatvanom 
rters  wirh  a  long  cail — sometimes  calkd  (emiffn**  galvarioiueters^ 
arc  used  to  measure  circuits  of  large  resistance.  OaWanomiJters  with  a 
short  coiJ— sometimes  called  "quantity*'  galvanometers — are  used  to 
fneasure  circuits  of  small  resistance.  The  explanation  of  this  difference 
will  appear  In  the  chapter  on  Ohm's  Law. 


Artatk  Galvanometer. — This  fonn  of  galvanometer  is  used  cither  to 
detect  the  simple  presence  of  a  current,  or  to  measure  the  strength  of  a 
wtak  current,  Let  A  and  Bi  Fig.  20,  represent  two  needles  of  about 
equal  strength,  having  tlie  same  axisj  and  having  their  poles  reversed 
in  reference  to  each  other.  The  needlcii  will  settle  a  very  little  in  the 
tueriiUai),  from  the  fact  that  one  of  them  is  very  slightly  more  highly 
rnagnetiit'd  ihan  the  other, 

C  is  an  insulated  wire,  bent  around  the  lower  needle  several  times. 
When  a  current  is  passed  tltrough  this  wire,  the  needles  will  be  influ- 
enced to  turn  ill  the  same  direction.  In  this  way  the  passage  of  the 
most  feeble  current  may  be  detected.  lu  connection  with  a  thermo- 
electric piie»  this  instrument  is  capable  of  indicating  a  cliange  of  icm- 
pcmture  of  only  a  very  small  fraction  of  a  degree.  Galvanometers 
whidi  have  a  long  resistance  coil,  and  in  which  a  branch  resisUince  coil, 
or  "  shunt,"  as  it  is  called,  is  interposed^  may  be  used  to  measure 
string  currents  (see  cha^jter  on  Ohm's  Law),  and  are  therefore  con- 
venient in  comparing  batteries.  A  galvanometer  of  this  kind  (hat  we 
employ  will  be  described  under  electro-therapeutics* 

Thi>ms0tis  Rfflecting  GalvanemeUr. — Sir  William  Thomson  has  done 
much  lo  advance  the  science  of  electrology  by  the  construction  of 
hift  reflecting  or  mirror  galvanometer,  which  will  indicate  the  presence 
of  very  slight  currents.  This  instrument  consists  of  the  coils  of  a  gal- 
vanotneter»  between  which  are  suspended^  by  a  single  silk  fibrci  a 
minor  and  magnet,  which,  when  it  moves  under  the  influence  of  a  cur- 
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reiU^  h  rellcctei  through  a  len&  oa  a  graduated  scah  placed  at  a  tittle 
distance  in  front  of  it.  A  lamp  is  placed  behind  the  screen,  which 
contains  a  slit,  through  which  the  light  passes  to  the  mirror,  fironi 
which  it  h  reAi^cted  back  oa  tiie  graduated  scale.  When  the  magnei 
is  deAecCcd  by  the  passage  of  a  current  through  the  coil,  the  image 
moves  to  the  right  or  left  along  the  scale,  the  angle  made  by  the  re- 
Hected  image  being  twice  the  angle  through  which  the  mirror  and 
magnet  are  defected.  A  very  small  dtfltction  of  the  magnet  pro- 
dmts  a  very  great  displacement  of  the  reflected  image  on  the  screen^  and 
thus  a  very  slight  current  can  be  detected. 

This  insCninient,  as  that  of  Wiedmann,  of  Germany,  is  much  used 
in  delicate  electro  physiological  researches. 

Rhei^states;  Instruments  far  Measuring  /temianee, — The  rheostat, 
aja  instrument  invented  by  Wlieatstone,  was  originally  designed  to 
ascertain  Uie  relative  amount  of  resistance  of  different  conductors.  In 
electro  therapeutics  it  is  employed  to  interpose  resistances  in  the  circuit, 
etc,  so  as  to  delicately  modify  the  strength  of  the  current  within  smaU 
Graciions  of  d>c  strengtli  of  an  elemenL 

lu  elcclro-physiologicai  investigation^  as  also  tn  certain  branches  of 
electro-tlierapeutics— pailictilarly  in  applications  to  the  ear— rheostales 
have  been  used.  The  form  employed  by  Brenner  and  others,  and  al^ 
the  water  liicostat,  will  be  described  in  dec iro  Uierapeu tics, 

Marty  Mist&ry  cf  Gatvamsm, — Id  the  year  1786,  while  Galvam,  Pro- 
fessor at  Bologna,  was  experimenting  with  an  old-fashioned  electrical 
machine  that  lay  near  a  dish  of  frog^  that  had  been  prepared,  it  is 
stated,  for  his  sick  wife,  he  noticed  thai  the  frogs  jumped  whenever  a 
spark  was  drawn  froiu  the  conductor  of  the  machine.  On  observing 
ihisi  it  occurred  lo  him  that  perhaps  he  had  found  a  mcan^  of  dacect- 
ing  aij»osphcric  electricity  more  delicate  than  he  had  previously  em- 
plo)-cd.  In  order  to  test  this,  Gai>'ani  took  the  dish  of  (rogs,  and,  with 
liis  neighbor  CamiUov  went  out  on  the  lemoe  of  his  house.*  It  was 
a  clcu  evening  in  the  early  part  of  September,  tud  marked  elec- 
tric phenomena  were  apparent  io  the  ain  Fixing  An  iron  hook  in  the 
spine  of  cacli  fro^  be  ftospeoded  it  fkooi  the  iron  ruling. 

B^Md  MfmHtmwms  mmsmemts  mpptiared  in  ike  fr^gs^  votmus  in 
fknt  d^armeitr  mmd  fmie  frtfmftU  I 

ThftI  DKMBOll  WIS  tile  birth  of  the  sdenoe  of  Galvanism.  At  once 
ifacK  llaulwd  00  like  auad  of  Gaivuu  line  queiy,  Wkmi  eaus<s  tkesg 


met  md  niki^  b  ttfll  i^o«b  t6  tmrdkn. 
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tra^&ns  t  There  were  no  electric  disturbances  m  the  air  j  the  electric 
H  ii2achine  was  away  irt>^Ide  Ihe  house.  Could  there  be  electricity  in  Lhe 
H  &ogs  themselves?  Jii  the  history  of  science  it  ofien  happen^  thafc  a 
^  theory  partly  false  guides  us  into  facts  that  are  wholly  true.  Thus  it 
happened  to  Galvani, 

From  that  luomcat  until  he  died,  he  lived  in  an  atmos])here  of  ex- 
pejfiinent.  Frogs  wiihout  namber  were  slaughtered,  and  all  for  the 
purpose  of  proving  to  hinjself  and  others  that  it  was  ammal  dtctrUity 
(h^t  caused  these  contractions. 

Galvani^s  researches^  as  soon  as  they  were  made  public,  in  1791,  ex> 


Pig.  at. 


cited  great  interest  among  scientific  men,  and  inspired  him  to  makti 
another  attempt  to  master  the  mysteries  of  electricity.  At  the  time 
when  Galvani  made  his  discovery,  the  interest  excited  by  the  discovery 
of  the  Leyden  jar  and  Franklin's  kite,  about  forty  years  previously, 
had  died  out.  Philosophers  had  foUovved  the  vein  thus  opened,  about 
05  far  as  it  seemed  to  lead.  They  supposed  that  the  battles  of  elec- 
tricity were  all  fought  out*  and  so  they  were  laying  aside  their  armor- 
On  the  announcement  of  Galvani's  discovery,  his  experiments  were  re- 
peated all  over  Europe^  and  the  theory  that  tJie  contractions  of  ihcmus^ 
rles  of  the  frog  were  due  to  animal  electricity  was  universally  adopted. 

Voltds  Restarckes  :  The  Theory  cf  Contact  and  Oumicai  Actim. — 
Among  tboae  who  were  stimulated  by  the  discovery  of  Galvani,  w&i 
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Volta,  Professor  of  Physics  in  Pavia,  Italy,  who  had  already  been  long 
distinguished  as  an  electrical  experimenter,  and  who,  in  the  kiiowledg« 
of  this  special  branch,  was  far  superior  to  Galvani* 

At  first  Volta  acceiited  Galvani's  theory  of  animai  eMridty^  but 
subsequent  research  caused  him  to  doubt  it^  truth.  He  observed  that 
it  was  only  by  means  of  hettrog€n€ous  metals  that  muscular  conlraciions 
could  invariably  be  produced,  and  hence  he  denied  the  existence  of 
animal  electricity,  explainirg  the  phenomenon  of  muscular  contractions 
through  the  influence  of  the  artificial  electricity  excited  by  a  heteroge- 
neous metallic  combinaHon.* 

Galvani  then  not  onlj  demonstrated  that  contractions  could  readily 
be  caused  by  exactly  homogeneous  metals,  but  that  the  phenomenon 
was  produced  by  the  simple  contact  of  nerve  and  muscle.  His  manner 
of  experimenting  was  as  follows  :  The  leg  of  a  frog,  denuded  of  its  skin, 
had  its  sciatic  nerves  cut  at  their  exit  from  the  vertebral  column.  The 
nerves  thus  denuded  were  taken  gently  up  by  some  non-conductor  and 
made  to  touch  one  of  the  muscles,  when  the  leg  would  immediately 
become  convulsed,  Volta  endeavored  to  prove  that  the  c&nrustian 
caused  by  the  contact  of  nerve  and  muscle  was  the  cause  of  the  electric 
current  thus  produced ;  but  Galvani  conclusively  demonstrated  that  such 
could  not  be  the  case,  by  placing  a  non  conductor  between  the  two  tis- 
sue&»  when  no  action  could  be  excited  in  the  leg.  He  went  further, 
and  at  last  succeeded  in  producing  muscular  contractions  when  only  the 
nerves  of  non-prepared  legs  were  brought  in  contact 

The  discovery  of  the  Voltaic  pile,  which  excited  great  interest  in 
men  of  science^  seemed  to  decide  the  battle  for  Voitaj  and  all  the 
efforts  of  Galvani  to  convince  philosophers  of  die  existence  of  animal 
electricity  were  b  vain.  Galvani*s  first  observations  on  frogs  dates  back 
as  far  Is  1780,    He  first  published  his  researches  in  1791, 

Volta  did  not  undertake  the  investigation  of  the  subject  until  179a, 
the  year  following  the  publication  of  the  researches  of  Galvani.  And 
yet  Volta  has  almost  equal  claim  to  be  the  founder  of  the  science  of 
galvanism  ;  for  while  Galvani  discovered  the  new  manifestation  of 
electricity,  he  failed  to  comprehend  its  true  value,  while  Volta,  by  the 
discovery  of  the  pile  which  bears  his  name,  demonstrated  what' Galvani 
would  never  believe,  but  which  Prof.  Fabrotii,  of  Florence,  had  in  1793 
suggested,  that  cher.ncal  action  was  the  source  of  the  electricity  in  Ga!- 
vani^s  experiments. 

*  The  theoiy  that  the  experiment  of  Galvuii  could  be  exfUlncd  bf  chcmicid  octU^ 
wu  lirat  niggelted  bjr  Prof.  Fabronl,  of  Flor^nce^  in  1792. 


CHAPTER  IV. 


ILECTROLVSlS  (eLECTRO-CHEMISTRV). 

EuECTROLVStSi  derived  from  TqXfKTpov  and  Xvnt^  through  Xvrt^  disen 
ng,  w  Mtf  Of/  0r  process  a/  decomposing  a  compound  subshirtce  li) 
iciiy, 

Elecito-chemlcu.1  dccoinposition  takes  place  at  both  poles,  but  with 
itfer«nt  products  and  inanifcstaUous,  according  to  the  strength  of  ihe 
-*?Tent,  the  nature  of  the  substances  acted  upon,  and  the  material  of 
which  tiie  electrodes  are  connwscd. 

History  &f  Eh£tr(}iysis, —  The  chemical  effects  of  sUUUal  ckctrictiy 
were  first  investigated  by  Drs.  Priestley  and  Cavendish,  m  1784.  The 
dcconipoMtion  of  water  by  imssing  through  it  a  succession  of  discbarges 
of  statical  electricity  was  first  discovered,  in  1789,  by  Messrs.  Dienian, 
J'act/,  Van  Trooatwyck,  and  Cuthbertson.  The  power  of  the  galvanic 
"^^urrent  10  decompose  water  was  discovered  and  first  described  by 
lessrs.  Nicholson  and  Carlisle,  in  1800.  They  experimented  with  the 
voltaic  pile,  which  had  then  ju^t  been  discovered*  These  experiments 
ers  ilso  decomposed  other  Mibslaiices  by  the  galvanic  currenL  On 
Nov,  20,  1806,  Sir  Humphry  Davy  presented  to  the  Royal  Societj'  a 
lecture  *'  On  some  Cheinical  Agencies  of  Electricity,"  and  in  the  fol- 
lowing year  he  announced  his  discovery  of  the  decomposition  of  the 
fixed  alkalies.  Between  1831  and  1S40  Faraday  published  his  Ex- 
pertmcniiit  Researches  in  Electricity^**  in  one  of  the  most  remarkable 
series  of  scientific  essays  that  ever  proceeded  from  the  pen  of  man. 
Tcrminohsy  0/  Efcctrolysis. — With  the  aid  of  two  friends,  Faraday 
epart'il  tlie  following  terminology  of  electrolysis,  which  is  now  gener- 
ally a<toi>ted.  The  poles  where  the  electricity  passes  in  and  out  of  the 
body  that  is  undergoing  decomposition  are  called  electrodes  (TjAtxTpof, 
antl  wSfki  way).  Tlie  surface  where  the  current  enters  the  decotiipos* 
tng  body  is  called  the  anoih  {tl^-a,  npward,  and  oStI$,  way) ;  the  surface 
where  the  ourent  leaves  the  decomposing  body  is  called  (he  (Cithodt 
(coro,  downwardi  and  oSuf.  way).  The  anode  is  in  contact  with  t^ie 
poiiihc  pole  and  the  CtUhode  w'th  the  negative. 
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Practically,  anode  is  used  as  synonymous  with  positive  pole^  and 
cathode  with  negative,  although,  strictly  speaking,  anode  and  cathode 
refer  to  the  points  of  the  decomposing  body,  and  positive  and  negative 
to  the  poles  of  the  battery  that  are  in  contact  with  these. 

Compound  substances  that  are  directly  decomposable  by  tlie  current 
are  called  electrolytes  (tJAcct/wv,  and  At^  decompose).  To  electroiyxe 
a  body  is  to  chemicaily  decompose  it  by  the  current.  The  act  of  pro- 
ducing electrolysis  is  called  electrGlyzaiion. 

The  elements  of  an  electrolyte  are  termed  idnSt  (ctSv*  participle  of 
the  verb  ej/^tt,  to  go).  Those  ions  that  appear  at  the  anode  are  termed 
anions,  those  which  appear  at  the  cathode  are  termed  catims^  For- 
merly anions  were  termed  electro-negative,  and  cations  the  electro-posi- 
tive elements  of  the  compound.  Water,  for  example,  is  an  electrolyte 
that  evolves  two  ions — oxygen  and  hydrogen  ;  oxygen  goes  to  the 
anode  and  is  the  anion  ;  hydrogen  goes  to  the  cathode  and  is  the 
cation. 

No  substance  can  be  an  electrolyte  which  is  not  a  conductor  :  but 
in  the  readiness  with  which  they  are  decomposed  substances  widely 
vary.  Every  electrolyte  must  contain  more  or  less  of  water.  Pure 
water,  though  an  electrolyte,  is  yet  decomposed  only  with  great  diffi- 
culty ;  but  by  adding  to  it  a  little  sulphuric  acid,  or  certain  salts,  it  very 
easily  undergoes  electrolysis.  It  is  furthermore  believed  that  no  fluid 
can  be  a  conductor  without  also  being  an  electrolyte;  that  is^  more  or 
less  electro-chemical  decomposition  must  take  place  when  the  galvanic 
current  passes  through  any  fluid.  Substances  that  are  found  to  be  ready 
electrolytes  are  chloride  of  sodium,  muriatic  acid,  and  iodide  of  potas- 
sium. 

Laws  of  Elettroiysh, — Although  electrolysis,  like  all  other  phe- 
nomena connected  with  atomic  changes,  is  but  imperfectly  understood, 
yet  some  of  the  general  laws  of  its  operation  have  been  already  well 
ascertained. 

Amotig  the  more  important  of  these  laws  the  following  may  be  enu- 
merated 

r.  Definite  Electro-ehemieal  Action. — It  has  been  found  that  when 
several  substances  are  simultaneously  decomposed  by  the  current,  the 
elements  that  are  evolved  are  definite  in  quantity  and  are  electro* 
chemical  equivalents  of  each  other.  This  law,  which  was  discovered  bjr 
Faraday,  may  be  thus  ilhistrafed.  Let  the  current  be  sent  successively 
through  a  series  of  cells  filled  with  oxide  of  lead,  chloride  of  lead,  And 
chloride  of  silver.  The  different  substances  would  combine  in  the  fcl 
lowing  proportions : 
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Warer.  „ 

Oxide  of  lead  

Chloride  of  lead . . . 
Iodide  of  lead, . . . . 
Chloride  of  silver. , 


At  Ibe  P0Wtive  Pole. 

8  grs.  oxygen, 

S  *' 
35-5  grs.  chlorine, 
127  grs.  iodine^ 
35  $  grs.  chlorine. 


At  llie  Ni*ijalive  Polt 
r  gr.  hydrogen* 
113.5  grs. 

108  grs.  silver. 


These  numbers,  it  will  be  seen,  represent  the  combining  proportion! 
of  these  substances. 

Substances  combine  in  equivalent  proportions  ^  they  are  decomposed 
in  the  same  equivalent  proportions. 

Primary  and  Secondary  R^suifs. — The  results  of  electrolytic  action 
are  distinguished  f>rimary  and sec(fndary,  The  resultsare  called  pri* 
miuy  when  the  elements  that  are  deconiposed  appear  at  the  electrodes 
uor hanged  and  uncombined ;  the  results  are  called  Sftotidary  y/]xej\ 
ih*  elements  iliatarc  decomposed  are  changed  orrecombined  when  they 
arr^^"^  the  electrodes.  The  secondary  results  are  favored  by  the 
nascent  condition  of  the  elements  that  are  decomposed.  The  secondary 
results  arc  caused  by  the  action  of  the  decomposed  elements  on  the  suh- 
itance  of  the  electrode,  or  on  the  substance  itself  that  is  undergoing 
dtirconipoMtion.  Even  the  decomposition  of  water,  when  diluted  with  sul- 
phuric acjd»  is  really  a  secondary  result.  Perfectly  pure  distilled  watei 
docs  not  perceptibly  decompose  even  under  quite  a  strong  current.  If  a 
ftw  drops  of  sulphuric  gases  are  added,  the  acids  are  freely  disengaged. 
The  sulphuric  acid  H,SO^  is  disengaged  by  the  current  into  H,  at  the 
negative  and  SO^  at  the  positive  pole  ;  ihe  former  H,  is  liberated, 
and  the  latter  SO^  at  the  positive  pole  actji  on  the  water  and  forms 
snlphuHc  acid  again.  Secondary  decomposition  is  modified  by  the 
material  of  which  each  electrode  is  composed.  Thus  in  decom[x>sing 
sulphuric  acid,  when  the  positive  electrode  is  madf  cif  carbon,  the  oxy- 
gen decomijosed  acts  on  the  carbon,  forming  carbonic  acid  and  carbonic 
oxide.  Kleciro-chemical  action  continued  for  weeks^  months,  and  years, 
as  was  done  by  that  very  laborious  experimenter,  Mr.  Crosse,  of  Broom- 
fteld,  may  produce  as  secondary  results  interesting  nnnerals,  such  as 
quartz,  arragonite,  malachite.  During  these  experiments  in  electro- 
crystalliralion  Mr.  Crosse  discovered  that  remarkable  insect,  the 
afarus^  which  appeared  in  electri;ted  solutions  of  sulphate  of  iron, 
snlphate  of  zinCi  and  nitrate  and  sulphate  of  copper.  It  was  supposed 
that  the  acari  arose  from  ova  deposited  by  insects  floating  in  the  at- 
niospherc^  and  that  they  might  possibly  be  hatched  by  electric  actioti. 
As  a  reward  for  this  discover)',  which  now  seems  to  be  almost  forgotten- 
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Mn  Crosse  was  subjected  to  absurd  and  outrageous  abuse,  as  thougk 
he  were  infringing  on  the  prerogatives  of  the  Creator.  Mr,  W«ekes,  of 
Sandwich,  in  Kent,  subsequently  repeated  the  experiments  of  Crosse  by 
passing  electrical  currents  throtigh  silicate  of  pot:ish  in  glass  receivers 
over  mercury.  Al!  possible  care  was  taken  to  keep  out  foreign  matter. 
Afler  a  constant  action  of  a  year,  insects  ap]>eared,  entirely  similar  to 
those  obtained  by  Mr,  Crosse,  The  metallic  deposits  in  electro-metal 
lizing  are  the  secondary  results  of  the  electro  diemical  decomposition. 
Water  is  electrolyzed,  hydrogen  is  disengaged  al  the  cathode,  and  oxy- 
gen at  the  anode;  but  the  hydrogen  reacts  on  the  metallic  solution, 
combines  with  its  oxygen,  and  frees  the  metal.  The  oxygen  also  com 
bines  with  an  element  at  the  anode.  In  the  section  on  Electro-Surgerj 
it  will  be  found  that  the  secondary  decomposition  t«  utilized  in  the  selec* 
tion  of  the  material  used  for  needles  in  galvano-puncture. 

J.  The  Differential  Ac/ion  of  the  Poles, — Different  elements  go  to  the 
anode  and  the  cathode,  according  to  the  natiiFe  of  the  substance  dc- 
composed  and  the  material  of  which  the  electrode  is  made. 

Ftaiimim-ivire  makes  the  best  electrode  for  electrolytic  experiments 
ys\  various  substances,  because  platinum  is  not  acted  on*  Copper  and 
iilver  wife  may  be  used^  but  the  secondary  action  which  they  cause 
greatly  complicates  the  experiment. 

To  distinguish  the  precise  character  of  the  changes  that  take  place  in 
the  electrolysis  of  many  substances  is  frequently  diliicult,  and  sometimes 
impossible.  It  is  difficult  to  decide  whether  any  of  the  elements  of  the 
electrolyte,  besides  water,  undergo  decomposition  ;  and  whether  the 
changes  are  of  a  primary  or  secondary  character. 

Among  the  substances  that  are  most  readily  decomposed  by  the  elec- 
tric current  are  the  following  : 

Iodide  of  Potassium.— decomposes  under  a.very  feeble  current, 
the  iodide  and  ojiygen  going  to  Che  positive  and  the  hydrogen  and  al- 
kali to  the  negative.  Thus  the  decomposition  of  iodide  of  potassium 
by  electricity  affords  a  very  good  means  of  distinguishing  the  poles* 
The  brown  color  of  the  iodine  always  appears  at  the  positive  pole.  The 
wh<Jle  solution  soon  presents  the  color  of  iodine, 

Chhride  of  Sodium.-^h  solution  of  common  salt  decomposes  quite 
readily,  chlorine  ajipearing  at  the  positive  and  hydrogen  and  oidde  of 
sodium  at  the  negaiii'e  pole.  If  the  positive  needle  is  platinum,  the 
odor  of  chlorine  is  at  once  detected;  if  it  is  of  copper,  the  chlorine 
unites  with  the  copper,  making  the  solution  turbid. 

Acetate  of  Lead, — This  salt  in  solution  decomposes  with  comparative 
llownoiS  by  secondary  action,  peroxide  of  lead  appearing  at  the  po^ 
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iWc  pole,  and  hanging  from  it  in  light  thrt^ads  or  masses.  The  water 
frequently  decomposes  before  the  lead  yields  at  alL 

A'ifitUit  IriS'Hiftgs. — It  is  by  the  electrolysis  of  lead  that  the  bea\i- 
tiful  iris-rings  are  produced.  A  polished  steel  plate  is  pxtt  in  a  Jilute 
solution  of  acetate  of  lead.  The  steel  plate  is  connected  with  the 
|X>>itive  pole  of  a  gaK^auic  battery,  while  a  wire^  connected  with  the 
Begiiiive  pole,  in  put  in  the  solution.  Peroxide  of  lead  is  at  once  libe- 
taied  on  the  steel  beneath  the  wire,  and  a  film  extends  outward,  but 
growing  thinner  and  thinner.  Thus  a  series  of  concentric  circles  is 
formed  exhibiting  bright  iris  colors, 

Nifric  Acid. — Stntng  nitric  acid  canducis  well  and  decomposes,  oxy- 
gea  appearing  at  the  positive  pole,  nitrous  acid  and  nitric  oxyd  ai  the 
negative  pole.    Dissolution  takes  place,  and  the  water  becomes  yellow. 

Niiraie  iff  Potash, — This  is  a  good  conductor,  and  yields  secondary 
results. 

SutphuroNS  A<id,-^-^TVi\%,  when  diluted,  yields  oxygen  at  the  positive 
pole,  and  hydrogen  and  sulphur  at  the  negative. 

Sulphuric  -This yields  sulphur  at  the  negative  pole,  and  |>io- 

dnccs  secondary  results. 

Mur  'tiitic  Aciti. — A  strong  solution  of  this  yields  hydrogen  at  the 
negative  iwie,  and  chlorine  at  the  positive  pole. 

Eit^r^- metallurgy. — Electro-metallurgy,  or  the  art  of  precipitating 
metals  from  their  solutions  by  the  galvanic  current,  is  a  result  of  the 
discovery  of  electrolysis— is  indeed  itself  simply  an  electrolytic  pro- 
cess. There  arc  two  divisions  of  diis  art — electrotyping  and  electro- 
plating. The  art  of  electro  metallurgy  was  discovered,  independently, 
by  Spencer^  in  England,  and  Jacobi,  in  Petersburg,  in  1S37.  Electro- 
gilding  was  discovered  by  Brugnatelli,  a  pupil  of  Volta,  but  was  first 
by  ^f .  de  la  Rive. 
Tht^ry  <?/  Ekctrolysis. — The  iheory  of  electrolysis  at  present  accepted 
IS  the  following :  In  every  compound  one  of  the  elements  is  electro 
positive,  the  other,  electro  negative.  Uoder  the  influence  of  the 
opposing  electricities  from  the  electrodes,  decomposition  and  recompO' 
isiion  go  on  from  one  pole  to  the  other.  But  these  decompositions  and 
rcconjpositions  are  seen  only  nr  tht  tht^i/oifcs. 

This  n>ay  be  illustrated  by  the  electrolysis  of  water.  Water  is  corn- 
posed  of  one  atom  of  oxygen  and  two  atoms  of  hydrogen.  Ox)  gen  is 
electro  negative  and  hydrogen  is  electro-positive. 

Whert,  now.  the  electrodes  arc  dipped  in  water,  the  electro-negative 
OKj-gen  of  the  molecule  a  (Fig.  22)  ts  attracted  to  the  positive  pole,  and 
the  electro-negative  hydrogen  is  repelled 
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The  oxygen  is  then  given  off  at  the  positive  pole,  while  the  liberated 
hydrogen  unites  itself  with  the  next  atona  of  oxygen  of  the  molecule 

while  the  original  atom  of  hy- 
drogen is  expelled. 

This  atom  of  hydrogen  unites 
with  the  oxygen  of  the  molecule 
c,  drives  out  the  hydrogen  with 
which  that  atom  had  been  pre- 
viously combined,  and  so  on  through  the  whole  series  of  molecules 
until  the  negative  pole  is  reached.  Here  the  hydrogen  has  no  more 
oxygen  to  combine  with,  so  it  is  liberated  as  gas. 

The  electrolysis  of  all  other  electrolytes  is  similarly  explained.  This 
simple  and  ingenious  theory  was  devised  by  Grotthiiss. 

Decomposed  Elements  appear  only  at  the  Electrodes.-^Xn  electrolysis 
the  elements  decomposed  appear  only  at  the  electrodes ;  the  interme- 
diate region  presents  no  change,  although,  of  course,  it  must  be  trav- 
ersed by  the  decompositions  that  occur.  This  is  illustrated  by  the 
following  experiment  of  Davy ;  Three  vessels  are  connected  by  a  cot- 
ton wick  thoroughly  moistened.  In  one  vessel  is  placed  an  alkaline  salt^ 
and  in  the  other  two,  water.  The  liquid  of  all  three  vessels  is  colored 
with  syrup  of  violets.  When  the  galvanic  current  is  made  to  pass  through 
the  vessels,  the  liquid  at  the  negative  pole  becomes  greeny  and  the 
liquid  at  the  positive  becomes  red,  demonstrating  that  the  acid  goes  to 
the  positive  and  the  alkaline  base  .to  the  negative  pole.  The  fluid  in 
the  middle  vessel  suffered  no  change  of  color,  although  it  must  have 
been  traversed  by  the  acid  in  the  solution. 

Electrolysis  compared  with  the  Reactions  in  the  Batteries. — It  will  be 
observed  that  the  chemical  action  that  takes  place  in  the  fluids  of  any 
battery  is  similar  to  electrolysis.  The  two  are,  indeed,  facts  of  pre- 
cisely the  same  nature.  The  action  in  the  battery  is  accompanied  by 
an  electric  current ;  the  action  in  electrolysis  occurs  as  a  result  of  the 
passage  of  a  current. 

In  the  section  on  Electro-Surgery  it  will  be  shown  that  all  these  phy- 
sical l.iws  of  electrolysis  liav*  a  direct  and  necessary  bearing  on  the  UM 
of  electrolysis  in  surgery. 


CHAPTER  V. 


IWDt'CKO  rLECTRlClTV— CURRENT  ftKD  MAGNETO-INDUCTION — ELECTRO 
MAGNETISM — THKKMO-ELECTRIC  BATTERIES. 

Induced  Ehctrkit}\  or  Eledre-MagnHism  :  Elettra  /iynamkai  Indue- 
thft. — We  have  seen  that  induction  means  the  action  that  electrified 
bodies  exert  on  other  bodies  at  a  distance,  £lectro>stattcal  induction 
has  already  been  treated  of.  We  have  now  to  speak  of  the  induction 
of  current-electricity, 

prof*  Oersted»  of  Copenhagen,  first  observed  that  the  electric  cur- 
renlj  brought  near  a  magnetic  needle,  caused  it  to  deflect.  This  was 
the  earliest  observation  in  electro-magnetism* 

Philosophers  at  once  set  themselves  at  work  to  explain  this  phenome- 
non. The  discovery  was  not  an  accidental  one  on  the  part  of  Oersted. 
For  years  he  hati  bcfii  occupied  with  the  study  of  electro-physics,  and 
as  early  as  1807  he  had  published  a  work  in  which  he  stjited  that  he 
{nir|)05ed  10  ascertain  whether  electricity  in  its  most  latent  state  had 
any  effect  on  the  nmgnet.  His  first  discovery  that  the  needle  had  a 
tendency  io  place  itself  at  right  angles  to  the  wire  in  which  a  current  was 
passing,  was  a  natural  sequence  and  confirmation  of  his  early  researches. 
This  discovery  by  Oersted  formed  another  era  in  the  science  of  elcc- 
rririty  ;  for  in  iSjq  llie  enthusiasm  caused  by  the  discoveries  of  Galvani 
ami  VoUa  had  subsided,  )ust  as  the  enthusiasm  caused  by  the  Leyden 
jar  »nd  Franklin's  kite  had  died  away  when  Galvani  made  his  renowned 
experiment. 

Ampiris  Theory  of  Magnetism* — Among  the  many  scientists  who 
sought  to  explaiu  and  unfold  the  phenomena  of  electro-magnetism  aa 
diw:overed  by  Oersted,  it  was  reserved  for  Ampere  to  achieve  the 
highest  success.  This  theory,  which  was  developed  by  rigid  [nathemat- 
ical  demonstrations,  was,  that  £a£h  molecule  of  a  magnetie  body  is  trav- 
ersed by  cUsed  electric  atrrents^  These  currents  are  free  to  niovc 
about  their  centres  of  gravity,  but  the  cccrcitive  force^  which  is  weak  ao 
«oft  iron  but  great  in  steel,  tends  to  keep  them  in  positioo. 
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Befcire  a  magnetic  body  is  magnetized  these  molecular  ctirreriTs^  01 
rings  of  electricity,  by  their  mutual  attraction  neutralise  each  other, 
so  that  their  combined  action  on  any  other  substance  ts  nothing. 

When  a  body  is  magnetized^  these  molecular  currents  assume  a  paral- 
icl direeiidft.  The  more  complete  the  magnetization,  the  more  nearly 
parallel  they  become.  When  they  are  conapletely  parallel,  the  limit  of 
mag^netization  is  reached.  Ampere  further  supposes  that  all  these  mo 
lecular  ctirrents  are  equivalent  to  a  singie  current  circulating  round  the 
magnet.  Still  further,  and  in  consonance  with  his  theory,  Ampere  sup- 
posed that  terrestrial  magnetic  effects  were  due  to  magnetic  currents 
thit  circulate  round  the  earth  from  east  to  west,  perpendicular  to  tne 
magnetic  meridian.  The  resultant  of  these  currents  is  a  single  cur- 
rent going  from  east  to  west.  These  currents^  which  are  s^ipposed 
to  be  due  to  the  action  of  the  sun,  deflect  magnetic  needles,  itiagne- 
tize  iron^  etc. 

77te  Eheirk  Current  acts  as  a  Magnet :  Solenoids, — In  confirma- 
tion of  AmpAre's  theory  of  magnetism,  it  is  found  that  when  a  helix,  of 
spirals  of  covered  wire,  coated  in  such  a  way  that  one  of  the  wires  passes 
through  the  axis  (solenoid,  as  it  is  called),  is  suspended  into  cops  of 
mercury,  and  traversed  by  a  current,  it  will  act  like  a  magnetic  needU 
and  point  from  north  to  south.  Ampere  gave  the  following  rule  by 
which  the  directions  of  the  needle  under  the  current  can  be  under- 
stood ;  LlH  the  observer  imagine  himself  placed  in  the  wire,  so  that  a 
current  enters  at  his  feet  and  leaves  at  his  head,  while  hb  face  is  turned 
toward  the  needle ;  the  pole  will  always  be  deflected  toward  the  lefl 
of  the  observer* 

Helix, — In  a  helix  of  a  copper  wire  through  w^hich  a  current  circu- 
lates, each  coffvcluthn  of  the  spiral  ra^^y  be  regarded  as  one  of  the  little 
magnets  of  Ampere's  theory.  The  ends  of  the  spiral,  when  the  current 
passes  through  it,  act  on  a  magnetic  needle  like  the  poles  of  a  magnet. 
Amp^re*s  theory  explains  two  important  magnetic  phenomena, 

ist.  Why  like  poles  repel  and  unlike  attract. 

Two  north  poles  of  a  maguet  side  by  side  have  opixjsite  cur- 
rents and  repel  each  other.  Similarly  with  two  south  poles.  But  a 
north  and  south  have  currents  in  the  same  direction  and  attract  each 
other, 

2d.  V\liy  a  magnetic  needle  places  itself  north  and  south.  A 
magnet  caii  come  to  rest  only  when  the  current  below  it,  nearest  the 
earthy  is  parallel  to  the  earth-current.  '  The  magnetic  needle  turns  to 
tlpe  north  to  allow  the  currents  below  it  to  become  parallel  to  the  caith'f 
current. 
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EUiirp  magmiic  Jf^Iix. — Magnetism  is  induced  in  a  bar  of  soft  iron 
X>y  the  simple  ]>as5age  of  a  current  near  it^  in  a  direction  at  right  angles 
to  the  bar*    ir,  however,  the  wire  (Kig.  23)  encircles  the  iron  mojiy 
litncs,  thia  effect  will  be  much  in- 
creased   Let  a  current  be  passed 
over  the  wire  in  the  direction  of  the 
arrows*  and  the  iron  within  wiU  be- 
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come  strongly  magnetic,  with  its 
poles  as  shown  by  the  betters  S  and 
N.  If  the  enclosed  iron  be  not  tuo 
heavy^  it  will  be  drawn  to  the  centre 
and  held  suspended  there. 

IMien  the  current  is  broken,  the  iron  ceases  to  be  magnetic;  while, 
if  a  bar  of  hardened  steel  be  substituted  for  the  iron,  it  will  retain  tts 
magnetism  permanently.  Such  a  coil  of  wire  is  calkd  a  helix,  from 
EX*f,  a  wioding,  and  a  magnet  formed  in  the  manner  described  is  termed 
An  tUctro-magnet^ 

Fig.  34  represents  the  general  form  of  an  electro-magnet.  It  is  com- 
l>o&cd  of  a  bar  of  soft  iron,  bent  into  the 
form  of  a  horseshoe.  An  insulated  wire  is 
coiled  round  its  extremities,  Wlien  a  cur- 
rent of  electricity  is  passed  through  the  coil, 
the  horseshoe-bar  becomes  magiieticj  and 
attracts  (he  armature.  If  the  current  is 
broken,  the  bar  becomes  demagnetized  and 
the  armature  falls  to  the  ground.  Perma- 
nent magnets  possess  much  less  power  than 
electro-magnets. 

If  the  iron  bar  within  the  helix  be  more 
than  a  third  of  an  inch  in  thickness,  and  the 
Cttrrcnt  be  of  moderate  strength,  the  mag* 
netism   induced  is  in  proportion  to  the 

strength  of  the  current,  and  of  the  number  of  turns  in  the  coil.  Ad^ 
ditional  coils  of  the  wire  give  no  increased  magnetism^  if  the  bar  it 
thinner  than  one-third  of  an  inch.  In  this  case  maximum  is  soon 
reached.  Again,  if  the  circuit  is  made  very  long,  thus  reducing  the 
itrctiglh  of  the  current,  the  advantage  ii5'jally  gained  by  the  thick  bar, 
and  by  increasing  ihe  number  of  coils,  may  be  lost.  The  iron  ba: 
should  be  perfectly  pure  and  well  annealed,  in  order  that  the  electrOi. 
magnet  may  quickly  acquire  and  as  quickty  lose  its  magnetism  on 
closing  and  breaking  the  circuit. 
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DirutioH  of  ihi  Induud  Current. — If  a  current  of  electricity  is  passec 


vanic  battery,  and  M  N  a  second  wire  parallel  and  near  to  the  first. 
As  soon  as  the  circuit  is  fonned  and  a  current  passes  fiora  +  to  — ,  a 
secondary  current  is  induced  in  the  second  wircj  but  in  an  oppofitc 
direction. 

This  current  is,  however,  but  for  an  instant.  As  soon  as  the  circuit 
\%  broken,  an  instantaneous  current,  with  its  direction  reversed,  is  again 
established  in  the  second  wire. 

Difftr€nt  Orders  &f  Induced  Currents. — Induced  or  secondary  cui- 
rents  have  themselves  the  power  of  producing  induced  currerjts  in  other 
;idjact;nt  circuits.  Currents  lhu£  induced  from  secondary  induced 
currents  are  ciilled  tertiary  induced  currents.  These  tertiary  induced 
currents  have  also  the  power  of  producing  induced  currents  in  swi  ad- 
jacent circuit,  and  so  for  a  long  series. 

Currents  produced  m  this  way  are  in  opposite  directious  alternately, 
and  tlieir  strength  diminishes  the  higher  they  ascend. 

As  a  secondar>-  current  flows  in  a  direction  opposite  to  that  of  the 
battery  current,  so  the  tertiary  flows  in  a  direction  opposite  to  the 
secondary.  This  law  holds  good  throughout  the  whole  series,^ — the 
strength  of  the  current  diminishing  as  the  distance  from  the  battery 
iucre&ses. 

The  manifestation  of  electrical  action  in  the  secondary  coil,  upon 
closing  and  breaking  the  circuit,  is  called  the  tlt^trsc  throh^  while  the 
pa^&ive  condiiii>n  of  the  wire  whtle  under  induction  has  been  described 
by  Faraday  as  electri>  ttfnu, 

If  (he  primary  coil  be  movable,  so  that  it  can  be  brouglit  in  closer 
(Mpoxiinity  to  the  secondary  coil  while  the  current  ts  {lassing,  an  inverse 
current  is  producrd  at  the  moment  of  its  approach,  the  same  as  when 
the  circuit  is  dosed.  If  now  the  primar}*  coil  be  withdrawn,  a  direct 
current  is  produced,  the  same  as  when  the  circuit  is  ^broken.  As  toug 
as  the  primary  cotl  ren^ains  in  one  position,  all  evidence  of  electricity 
ill  the  secoodary  wire  disapi>ears.  If^  howe^er^  while  In  this  position^ 
the  strength  of  the  prituaiy  current  be  increased  or  diminished,  nio> 
QtenCftxy  cnirents  are  established  tn  the  secondary  coil ;  the  inverse 
Ibllowiiig  the  increase,  and  the  direct  current  following  ilae  decrease  io 
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through  any  conductor,  it  will  in- 
duce a  current  in  the  opposite  direc- 
tion in  a  second  conductor  situated 
parallel  to  the  &rsL  Let  A  B,  Fjg. 
25,  be  a  wire  connected  at  either 
extremity  with  the  poles  of  a  gal- 
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the  strength  of  the  primary  current.  In  thus  experimenting,  it  is  much 
more  convenient  to  wind  the  wires  on  separate  bobbtn^,  so  thai  one 
iu»y  be  placed  mthin  die  other,  as  represented  in  Fig.  36, 


Let  A  represent  the  primary  coil,  which  is  composed  of  wool-covered 
"c  ^  of  an  inch  in  diameter;  and  B  the  secondary  coil,  of  silk- 
vcrcd  wire^  nmch  longer  than  Llie  other,  and  about  of  an  Inch  ir. 
Lmeter.  Now  let  the  secondary  coil  be  connected  with  the  galvan- 
oineler,  G,  by  means  of  the  two  bioding-screwa,  while  the  primary  coil, 
by  two  loose  and  flexible  wires,  is  placed  in  the  circuit  of  a  galvanic 
OelL  As  soon  as  A  is  inbcrted  into  Bf  a  momentary  inverse  current  is 
indicated.  If  it  be  withdrawn,  the  galvanometer  indicates  a  monien-* 
direct  ctirrcnt.  While  the  primary  coil  remains  in  the  secondary, 
'ihe  oeedle  announces  the  induction  of  currents  according  to  the  prin- 
'ptes  stated  above,  whenever  the  strength  of  the  primary  current  is 
creased  or  diminished. 

TA^  C&miitions  under  whkh  Indttciion  takes  place. — To  sum  up  ii3 
brie£  Induction  takes  place  fiom  one  circuit  into  an  adjacent  circuit, 
1st*  At  the  njoment  when  the  current  is  closed*  xd.  The  moment 
when  the  current  is  opened.  3d.  While  the  current  is  increasing  01 
diminislnng  in  strength.  4th.  While  the  current  is  bronghl  nuar  to  or 
removed  Crom  the  adjacent  circuit.    A  current  that  closes  or  increasef 
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in  strengtK,  or  is  brought  near  to  an  adjacent  circuit,  induces  an  inirfru 
momentary'  current  in  that  circuit,  A  current  that  opens  or  dtminishes 
in  strength,  or  is  removed  from  an  adjacent  circuitt  induces  a  direct 
mon>entary  current  in  that  circuit.  It  will  be  seen,  therefore,  that  in- 
duction takes  place  only  when  there  is  some  ckangt  in  the  condition  aj 
tht  inducing  current.  It  must  be  closed  or  opened,  increased  ur  dimin- 
ialied  in  strength,  brouglit  near  to  or  removed  from  the  adjacent  circutL 
In  the  ordinary  electro-magnetic  machines  these  chaiigfs  are  made 
by  a  rhe&tome^  or  currenc-intcrrtipter,  and  the  strength  of  li»e  current 
is  modified  by  withdrawing  or  removing  a  metalHc  cylinder  enclo&ing 
the  coils,  or  by  withdrawing  or  removing  the  core  of  iron  needles. 

Induction  of  a  Current  on  Itstff :  Extra  Current. — Tile  extra  cur* 
rent  is  that  which  is  induced  by  the  current  in  each  coil,  or  winding  of 
the  primary  coil  on  tlie  other  adjacent  windings. 

The  windings  act  inductively  on  each  other  both  at  die  opening  and 
closing  of  the  circuit.  Thus  we  have  a  direct  and  an  inverse  extra  cur- 
rent. The  direct  extra  current  gives  shocks  and  sparks,  decomposes 
water,  magnetizes  steel,  and  melts  platinum -wire.  The  electro  motive 
force  of  the  extra  current  bears  a  uniform  relation  to  ihe  intensity  of 
the  primary  or  inducing  currenL  When  the  secondary  coil  is  chsedy 
the  extra  current  does  not  appear  in  the  primary  coil,  but  by  what  ia 
called  reaction  it  \%  formed  in  the  secondary  coil  itself,  and  becomes 
an  ordinary  induced  current. 

It  is  called  The  extra  current  only  so  long  as  it  remains  in  the  pri- 
mary coil  ;  It  so  remains  onl)'  when  the  secondary  coll  is  open. 

Mheiff{rm(^  or  Current-interrupter. — ^Among 
the  different  contrivances  for  producing  these 
changes  in  the  primary  current  that  are  neces- 
sary for  induction,  the  most  convenient  is  tl»e 
Rhcotome,  or  Cun-ent-interrupier, 

This,  when  placed  iii  the  circuit  of  the  pri- 
mary coll,  alternately  closes  and  opens  the  cut' 
renif  and  thus  causes  induced  currents  in  the 
secondary  coil. 

Fig.  27  represents  a  current-hiterruptcr* 
Into  the  iron  covering  A  are  fastened  the 
end*  of  the  iron  wires  of  the  core  within  the 
Fic  coil. 

The  hammer  H  is  attached  to  a  spring  Di 
which  is  in  the  primary  circuit ;  /  is  a  projection  tipped  with  plati- 
noiOt  because  that  metal  does  not  corrode;  p\  connected  wiih  the 
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•crew,  h  also  tipped  with  platinuui.  When  the  circuit  h  closed,  the 
'"ore  of  iron-wire  A  becomes  magnetic,  and  draws  H  away  fi  /'^ 
sg^nst  which  it  naturally  rests.  This  breaks  the  current^  for  the  circuil 
is  completed  through  the  connection  of  /  and/'-  As  the  current  is 
broken,  A  of  course  loses  its  magnetism,  and  no  longer  !ias  pov.*er  to 
ittract  H  ;  therefore  the  spring  D  brings  H  back  lo  where  it  natur- 
jUIy  rests.  This  completes  the  circuit,  and  again  A  becomes  magnetic, 
snd  again  it  attracts  H,  and  thus  H  is  ^^r//  nipidly  vibrating  with  a 
bu/zing  sound  between  A  and  p\  These  constant  interruptions  keep 
lip  an  induced  current  in  the  s^econdary  coil.  The  screw  b  gives  the 
ocoefisary  stiflhess  Co  D. 

OhjfA't  iff  the  Iron  Core  in  the  Primary  CoiL- — The  inductive  power 
of  the  [miliary  current  is  very  greatly  increased  by  putting  a  bar  of  soft 
iron  or  a  bundle  of  iron  wires  in  the  heart  of  the  primary  coil*  The 
iron  core  strengthens  the  current  in  this  way.  It  becomes  ma^etic  by 
the  action  of  the  current,  and  this  magnetism  disappears  when  the  cur- 
rent opet^s.  The  disappearance  of  the  magnetism  induces  a  current  in 
the  Jdrt^  dirsitim  as  the  disapijearing  primary  current,  and  thus 
strengthens  it*  In  electro-magnetic  machines,  as  used  for  electro- 
therapeutics, this  iron  core  is  a  very  conyenient  means  for  modifying 
the  cuirent,  pH&hing  it  m  the  coil  increai^es  the  current,  withdrawing 
is  diminishes  the  curreut. 

A  bundle  of  wires  is  preferable  to  a  single  bar  of  soft  iron^  for  in  the 
latter,  currents  arc  formed  whkli  impede  the  sudden  cessation  of  the 
prioiajy  current,  while  in  the  former  these  cannot  be  formed. 

ThUkness  and  Length  ef  (he  Outer  ami  Irmer  Wires* — U  is  a  law  of 
electro-physics  iliat  wires  of  a  large  diameter  conduct  electricity  better 
than  wires  of  a  small  diameter.  It  is  necessary  that  the  primary  cur- 
rent should  be  strong,  since  its  principal  object  \%  to  excite  magnetism 
in  the  core  ;  consequently  the  coil  is  made  of  thick  wire  and  of  moderate 
length.  The  secondary  coil,  however,  is  made  of  very  thin  wire,  and 
of  great  length,  so  that  as  many  turns  as  possible  may  be  brought 
within  the  influence  of  ihe  core  and  of  the  primary  coil*  and  thus  pn^ 
duce  a  secondary  current.  As  with  the  galvanic  or  inducing  current, 
ilic  eleciro-motive  force  of  the  battery  is  proportionate  to  the  num 
bet  of  cells ;  so  with  the  induced  or  secondary  current,  the  electro 
motive  force  of  the  coil  is  proportionate  lo  the  number  of  turns  or  coih 
in  it. 

Induction  C&ih  and  Elidro-magnetic  Mtiehtnes.^A.^  induction  coi 
for  philosophical  or  electro-therapeutical  purposes  consists  usually  ol 
Ae^-res  or  reiis  cf  uirt  ettchsing  a  bar  0/  soft  iron  or  a  bundU 
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iron  wires.*  The  ifin^r  coll  is  connected  with  the  poles  of  a  bauery. 
and  there  is  some  arrangement  for  breaking  the  current.  The  inner 
coil  i^  composed  of  tolerably  coarse  wire,  and  is  compel atively  short. 
The  current  that  runs  through  it  ts  called  the  prtmary^  or  sometimes 
the  inducing,  current.  The  outer  coil  is  in  no  way  connected  with 
the  inner  coil,  but  receives  by  imimtion  a  current  from  ihe  current  of 
the  inner  coil  as  it  is  alternately  broken  and  closed.  The  euier 
Loit  is  cotnposed  of  fine  wire,  and  it  is  very  much  longer  than  tlic 
inner  coi!. 

The  finer  and  longer  the  wire,  the  greater  the  tension  of  the  current. 
The  curient  that  conies  throngli  the  outer  coil  is  called  the  secondary 
current,  in  distinction  from  that  which  cotnesfrom  the  inner  coil,  which 
is  called  the  primary.  In  both  coils  the  copper  is  insulated  with  sitk 
covering. 

Euhmkorff's  CoiL — The  mo&t  powerful  of  all  coils,  and  the  one  best 
adapted  for  philosophical  experiments,  is  that  of  Riihiiikorff,  of  Paris- 
It  is  about  14  inches  in  length.  The  inner  coil  is  of  copper,  is  about 
3  mm.  in  diameter,  and  4  or  5  yards  long.  It  is  coiled  on  a  cylinder 
of  card-board|  and  is  enclosed  in  an  im^ulating  cylinder  of  glass  or 
rubber. 


The  wire  of  the  outer  coil  is  of  copper,  from  -|  to  ram.  in  diameter, 
and  from  thirty  t&  sixty  miies  in  Ungih,  The  distinctive  features  of 
this  coil  are  these  : 

1st.  It  is  coiled  in  sections  so  as  to  avoid  the  induction  of  the  outef 
coi!  on  itself,  which  is  Uabte  to  take  place  when  it  is  very  long  and  the 
lensiun  is  high,  however  thorough  the  insulation. 

•  In  (he  mfichmc  of  Kidder,  to  be  described  under  EletTro-Therapeutics  ti«*  licli* 
is  compo^     three  or  more  coLls  of  wtre^  not  distinct,  but  coniiccied. 
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The  insulation  is  very  complete  The  wire  is  covered  vniU  silk, 
ind  each  winding  ts  separated  from  the  others  by  a  layer  q{  shellac 
Id  tJic  larger  cotis  of  Ruhmkortf  the  induced  currents  are  ihousands  of 
Ckaej  ilfonger  than  tlie  primary  current  that  excites  them. 

3TW  Condenser  <*/  Rtihtnkorff's  Coil. — The  intensity  of  the  current  of 
the  secondary  coil  is  mcreased  by  interposing  a  condenser  in  the  circuit. 
\\\  Ruhmkorffs  coil  tlje  condenser  consi^td  of  150  sheets  of  tin-foil  iS 
inches  square,  and  with  a  surface  of  about  75  square  yards.  These 
sheets  arc  coiled  around  insulating  oiled  silk,  and  around  each  other,  so 
as  to  form  two  armatures,  and  the  whole  is  placed  below  the  helix  in 
the  base  of  tlie  apparatus. 

Being  introfiuctd  into  the  circuit,  it  receives  the  extra  current  and 
increases  its  tension,  \\  stores  up  and  utiliics  force  that  would  other- 
wise be  wasted  in  the  form  of  sparks  at  the  interrupter. 

Effects pradti^nd  by  Ruhmkorff's  Cod. — The  tension  of  Ruhfnkorff'a 
coil  is  enormous,  and  for  the  reasons  above  given — the  length  and  fine- 
Dc&s  of  tht-  secondary  wire  and  the  power  of  the  condenser,  U  ]JOssesses 
all  the  propcrticti  of  staltcai  as  well  as  dynamUal  eleclricity.  It  is 
cafiable  of  giving  a  shock  so  violent  as  ,to  prostrate  a  tnan,  and  if  a 
sufficient  number  of  elements  are  connected  with  it*  it  could  kill  as  by 
a  stroke  of  (ighluing.  When  two  couples  are  connected  with  it,  it  will 
kill  a  rabbit.  It  causes  fine  iron  wire  to  tnelt  and  bum  with  a  bright 
light.  It  can  rapidly  decompose  water^  or  produce  luminous  effects  in 
the  water  without  dccomjTosition, 

It  decomposes  and  combines  gase£>  Passed  through  a  hermetically 
sealed  t\ibe  containing  air^  it  forms  nitrous  acid  from  the  nitrogen  and 
oxygen.    It  can  produce  a  %\i^x\i  eighteen  inches  in  length  in  the  air. 

In  V€i€tt0  it  produces  must  remarkable  ejects.  In  the  so-called 
eluirit  egg^  a  luminous  trail  is  observed  between  the  poles.  At  the 
positive  |>ole  the  light  is  red  and  brilliant ;  at  the  negative,  feeble  and 
violet.  If  vapor  of  alcohol,  or  turpentine,  or  bisulphide  of  carbon,  be 
iittro<luce<l  into  the  vessel,  it  appears  in  the  form  of  alternate  light  and 
dark  zones  or  strata.  The  tints  vary  with  tlie  nature  of  the  vapor* 
The  same  phenomena  are  obtained  by  the  ordinary  galvanic  current 
from  a  large  number  of  cells.  The  luminous  effects  of  the  coil  are  ai 
great  from  a  single  cell  as  from  a  large  number. 

In  electro  therapeutics  a  wide  variety  of  electro-magnetic  machinef 
have  been  devised.  Most  of  them  are  run  by  one  or  two  cells,  like 
Smce's  or  \Valk<T's,  and  the  current  generated  is  just  sufficient  for  ap- 
plication to  the  human  body^  and  arc  but  little  adapted  for  the  phil> 
tophii-al  roofn. 
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The  largest  inducliOTi  coil  of  which  we  have  any  knowledge  is  that  of 
Apps,  in  Loudon.  It  is  nine  feet  ten  inches  long,  and  its  diameter  is 
two  feet.  The  soft-iron  core  is  five  feet  long,  four  inches  in  diameter, 
and  weighs  125  pounds.  The  length  of  the  primary  coil  is  3»77o  yards, 
while  that  of  ihe  secondary  coil  is  hundred  and  fifty  miles.  This 
battery  is  excited  by  48  large  Bunsen  cells.  It  gives  a  flash  twenty- 
nine  inches  long  that  will  perforate  five  inches  of  solid  plate-glass.  Al 
the  Stevens  Institute  of  Technology,  Hoboken,  there  is  also  an  induc- 
tion coil  of  great  power. 

Pri>perti£s  of  Induced  Cttrr^^r/j.— Induced  currents  have  in  different 
degrees  all  the  properties  of  the  orditiary  galvanic  current.  They  pro- 
duce chemical,  thermic,  luminous,  and  physiological  efTects.  7'hey 
deflect  the  magnetic  needle,  magnetize  steel,  and  are  capable  of  then)' 
selves  exciting  induced  currents.  There  is  a  difference,  however,  be- 
tween the  effects  of  the  direct  induced  and  inverse  induced.  The 
direct  gives  a  powerful  shock,  the  inverse  a  mild  shock- 

The  direct  magnetizes  to  the  point  of  saturation,  the  inverse  does 
not  magnetize. 

In  their  action  on  the  galvanometer  they  are  about  equal  In  quan- 
tity, the  direct  and  inverse  induced  currents  are  about  the  same;  but 
the  tension  of  the  direct  induced  is  greater  than  that  of  the  invenie 
mduced. 

Comparaiwe  Ckemtcal  Effects  of  the  Gdlifamc  and  Induced  Currents^ 
— That  the  chemical  character  of  currents  of  induction  is  distinctive  from 
the  galvanic  is  proved  by  the  following  experiment :  When  the  platinum 
poles  connected  with  an  induced  current  are  placed  in  water,  water  is 
decomposed  and  oxygen  produces  oxidation  of  platinum,  which  is  re- 
duced to  metallic  platinum  by  the  recombination  of  the  hydrogen  with 
the  oxygen.  This  process  lakes  place  at  both  poles,  so  that  both 
become  covered  with  a  powder  of  platinum. 

If  a  soUilion  of  iodide  of  potassium  and  starch  is  brought  into  the 
circuit,  the  blue  color  appears  at  both  poles.  When  the  gilvanic  cur- 
rent is  used,  the  blue  color  appears  only  at  the  positive  pole.  When 
the  induced  current  is  sent  through  water  it  decomposes  it,  just  as  the 
galvanic  current  does  the  oxygen  and  hydrogen,  both  appearing  at 
both  poles ;  but  they  recombine,  and  thus  the  water  does  not  appear 
to  be  decomposed  at  all. 

It  is  of  the  first  importance  to  the  electro-therapeutist  to  understand 
electro-magnetiam^  for  it  is  the  form  of  electricity  most  used  in  electro 
therapeutics. 

Magneto-electricity, — Magneto-electric  induction  is  the  induction  of 
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electric  currents  by  magnetism.  It  is,  as  the  term  implies,  the  reverse 
of  electro- magnetic  induction  There  are  two  form?  of  magDCto-elec- 
trie  induction. 

The  first  ami  most  familiar  form  is  when  a  current  is  intluccd  in  a 
coil  of  insubtec!  wire.  The  second  form  is  when  a  current  is  induced  in 
conducting  phites. 

Under  clectro-magfnetic  induction  we  have  seen  that  the  coil  of 
wire  in  which  a  current  circulates  produces  a  contrary  induced  cur- 
rent in  an  adjacent  coil  whenever  a  change  is  made  in  the  current  by 
opening,  closing,  withdrawing,  or  approaching  it.  The  strength  of  the 
induced  current  is  proportioned  to  the  amount  and  suddenness  of  these 
changes  If  now  we  substitute  for  the  primary  or  inducing  coil  a  per- 
mancnt  bar  ma^nei^  and  cause  it  to  approach  or  withdraw  from  the  ad- 
jaccnl  coil,  it  induces  a  current  in  that  coil.  This  principle  is  the 
Uasi!>  of  all  the  iriagneto-ekclric  machines  that  are  so  faniUiar  to  stu- 
dents of  philosophy,  and  that  were  once  so  much  used  in  clectro  thera- 
peuticSw 

The  development  of  magneto  electricity  is  shown  in  a  very  simple 
manner  by  the  common  horseshoe  magnet,  its  armature, 
and  a  copper  wire.  Let  the  armature  A  B  be  encircled 
by  the  wire  C,  one  end  of  which  is  flattened  and  amat< 
"ajn.ited  with  nitrate  of  mercuryt  and  the  other  filed  to 
a  point.  VVTicn  the  armature  is  placed  upon  die  magne^ 
the  nionicnt  of  contact,  when  it  is  withdrawn,  and  the 
.ct  of  wtth(!rawal,  will  each  be  marked  by  a  spark  of 
electricity  at  C,  where  the  two  extremities  of  the  wire 
meet. 

The  electric  current  flows  in  otie  direction  at  the  in- 
stant nmgnetism  is  indviced  in  the  soft  iron  which  is 
enclosed  by  the  coil  of  wire,  and  in  the  opposite  direc-  Tio. 
tion  when  its  magnetism  is  destroyed 

Id  the  electro-magnetic  machines  in  ordinary  u?*e  a  soft.iron  arma 
turc  covered  with  wire  is  made  to  rotate  in  front  of  the  poles  of  a  per 
nuuicnt  horseshoe  magnet.  As  the  armature  rotates,  its  two  ends  are, 
of  ctnirsc,  alternately  brought  near  to  and  removed  (rom  the  bars  ^f  the 
magnet,  and  thu&  two  currents  are  induced  in  the  wires  that  cover  the 
armature.  Each  current  lasts  half  of  a  revolution,  and  if  the  rotation 
be  rapidly  kept  up(  a  current  is  produced  which  may  be  perceived  when 
the  ends  of  the  wires  are  joined. 

A  C^nSinuous  Otrrcnt  /mm  Ma^neio-tUctric  Machines, — When  the 
vuutlurcs  of  the  magneto-electric  machine  are  made  to  revolve  with 
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sufficient  rapidity,  a  continuoits  current  is  produced  which  has  all  the 
properties  of  the  galvanic  current.  Magneto-electric  currents  are, 
therefore,  extensively  used  m  electrolytic  experiments  and  in  electro- 
plating.   It  is  possible  that  some  of  these  may  be  utilized  in  electro- 

Eherapeutics. 

Currents  induced  hy  Magnetism  in  Conducting^ptafes:  Magnetism 
Rotaiicn, — In  1824-5  Arago  discovered  that  when  a  copper  disk  re- 
volved with  great  rapiclity  under  a  needle  resting  on  a  disk  above  the 
diskj  the  needle  deflected  in  the  direction  of  the  moiion  of  the  disk* 
After  a  time,  if  the  movement  be  sufficiently  rapid,  ihe  needle  refuses 
to  remain  fixed,  and  turns  around  after  the  disk,  Tlie  explanation  of 
this  phenomenon  was  given  by  Faraday  in  1831.  He  showed  that  it 
arose  frona  the  reaction  of  the  currents  induced  in  the  plate  by  the  mag- 
net. The  magnetism  of  rotation  is  only  one  of  the  many  phenomena 
connected  with  induction.  All  these  phenomena — induction  by  currents 
of  magnetism  and  by  rotation^are  explained  by  the  theory  of  Ampere 
before  cited.  They  are  at  once  in  harmony  with  chat  theory  and  con- 
firmatory of  it. 

History  of  Induction.— The  discovery  that  electric  currents  of  mag- 
netism can  induce  currents  in  neighboring  circuits  was  made  by  Faraday 
in  1830.  His  researches  on  the  subject  were  published  in  the  Philo- 
sophical Transactions  in  183 1  and  1832. 

This  discovery  of  Faraday,  like  that  of  Oersted^  was  the  result^  not 
of  accident,  but  of  long  and  laborious  experimentation^  As  early  as 
1825  Faraday  had  sought  to  make  a  wire,  through  which  the  galvanic 
current  was  passing*  induce  a  current  in  a  neighboring  wire,  just  as  a 
conductor  charged  with  Franklinic  electricity  would  have  done.  Not 
until  1831  did  he  find  out  that  the  current  must  be  broken  or  closed, 
or  approached  or  withdrawn,  before  ii:  could  induce  a  current  in  a 
neighboring  wire. 

In  1832  Prof.  Henry,  then  of  New  Jersey,  now  of  the  Smithsonian 
Institute,  Washington,  observed  phenomena  which,  in  1S34,  Faraday 
showed  were  due  Co  the  extra  current.  In  1S37  Bachtioffner  and 
Sturgeon  showed  that  a  bundle  of  wire  was  better  in  an  induction  appa- 
ratus than  a  rod  of  soft  iron. 

In  1841  Prof.  Henry  studied  the  inductive  action  of  currents  on 
currents.  In  1850  or  1851  Rvihnikorff  constructed  the  indiiction-coilt 
and  in  1S5J  Fi^eau  gieatly  increased  its  power  by  adding  to  it  a  con- 
denser. The  discovery  that  discharges  of  the  Leyden  jar  made  a 
primary  spiral  induce  a  current  in  a  secondary  spiral,  and  that  cnn"  lUs 
nf  tlie  third,  fourth,  and  fifth  order  can  be  thus  produced,  and  of  suffi* 
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t  strength  to  give  shocks,  bitrn,  etc.,  was  mide  simultaneously  by 
Frofb.  Htinry,  of  Washington,  and  Riess,  of  IJerlin. 

The  first  magireto-eltctric  machine  was  made  by  Faraday  in  1831. 
The  first  machine  of  ihe  style  now  used  was  Jiiatle  by  Pixii  in  1^32. 
Imjjrovenicnts  have  been  since  made  by  Sax  ton  (i3j3)t  Clarke  (1836), 
Peirinc  (iS44)i  Stohrer  (1844),  Siemens,  Halske,  Duchenne,  and 
others. 


THERMO-ELECTRICITY. 

Thfrmo-fleclrkity  is  that  form  of  rhctrkity  thatarisfs  from  the  hfat- 
in^  <*f  fn^o  htitrogftieous  ciiudttctors  at  ihHr  Junttunt.  The  two  jiiost 
ittj^Mjrtant  tnclliods  of  generating  therinal  currents  are,  tst,  with  two 
l*ortioias  of  the  SLitnc  uu'tal  ;  and  ad,  with  two  ditferent  kinds  of  uietal. 

Thermo -eUctrUity  ^nnetaUd  by  One  MttaL — If  a  coi>i>er  wire  be 
cut  ir>io  two  pieces,  and  one  of  the  ends  be  hented  to  redness  and 
[Hcsscd  again&t  die  end  of  the  other  piece,  a  current  of  electricity  is 
produced.    This  is  demonstratetl  by  the  galvanometer. 

Ulicn  differeni  pijrtions  of  the  same  nietal  have  different  structures, 
a  current  is  obtained  when  the  point  where  both  structures  come 
together  is  heated. 

If,  for  exain|>le,  a  platiiiuni  wire  be  twisted  or  bt-nt  on  itself,  this 
twisting  so  changes  the  structure  of  the  wire  that  a  current  is  generated 
by  heating  the  |>i>int  of  union  between  the  twisted  and  non-twisted 
]H>rtion. 

Thermo  eUctridty  generated  Two  Metals, — Let  A  and  B  (Ffg,  jo) 
be  respectively  bars  of  antimony  and  bisnnith,  soldered  to- 
gether, while  t;  represents  a  galvanometer  connected  by  two 
wires  with  the  free  extremities  of  the  metals. 

When  the  junction  S  of  the  metals  is  healed,  a  current  of 
electricity  is  generated,  which  tiows  from  the  bisnnith  lo  the 
antimony,  as  shown  by  the  arrow.  If  Ihe  junction  S  is  chitted 
by  applying  ice,  a  current  is  also  produced,  but  in  the  oppo- 
site direction.  This  cojubination  constitutes  a  thermO'etectric 
pair. 

ThermO'tiectric  Batteries. — A  number  of  thermo-electric 
couples  soldered  logellier  so  that  the  copper  or  antimony  of 
one  is  soldered  to  dte  bisnuiih  of  ihe  other,  and  so  on,  is  called  a 
thermc  etectric  i>aiiery.  The  current  is  generated  by  heating  one  row 
of  the  soldered  faces,  or,  as  the  current  depends  on  the  difference  of 
temperature  of  the  two  sides,  by  applying  ice  to  one  side  and  heat  to 
the  other 
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The  accompanying  cut  represents  Farmer's  thenno-eleclHc  battery, 
constructed  on  the  princi[»lt*s  above  indicated*  The  lieat  is  supplied 
by  a  gas-burner  or  alcobol-lam]). 

Thermo-ekctnc  balteries  of  any  fnnn  are  not  as  yet  much  used  id 
electrotherapeutics.    The  hopes  at  one  time  entertained  of  them  have 


F:c.  ii. 

Farmer's  Thenno-FJcctric  Battery. 


been  disappointed.  In  practice  they  have  been  found  lobe  inconve- 
nient, bulky,  expensive^  and  untrustworthy.  It  is  not  impossible,  how- 
ever,  that  fiitnre  researches  may  so  devdo|>  the  department  of  thermo- 
electricity that  thermo-electric  batteries  may  bu  constructed  that  shall 
be  more  convenient  for  practical  use  than  the  ordinary  galvanic  bat* 
teries.    This  is  a  reaha  in  which  there  is  room  for  experiment. 


CHAPTEK  VI. 


JITM'S  LAW  ANB  Its  FRACl'ICAL  APPLICATION  TO  ELECTRO-TKE  RAP  KUTICS, 

The  basis  of  all  electrical  meastirccncnt  is  Ohm's  law,  which  is,  that 
the  quantiiy  of  eUctricity  passing  ihrou^h  any  poini  in  a  citruti 
varies  directly  as  the  electro-motive  foreCi  and  inversely  as  the  resistance. 

Patting  Q  for  quantity,  E  for  electro- motive  force,  and  R  for  resistance, 
the  law  IS  thus  expressed  :  Q  = 

This  law  was  discovered  by  Prof*  Ohm,  of  Nuremberg^  in  1827,  and 
for  a  long  rime  was  neglected*  It  i&  the  north-star  of  dynamical  elec- 
tricity. Those  who  can  keep  this  always  in  sight  need  never  lose  their 
way,  however  long  or  intricate  Uie  explorations  they  may  make  in  tliis 
important  and  fascinating  realm.  Although  originally  nothing  but  a 
theory,  yet  it  has  been  powerfully  confirmed  by  the  mathematical  calcu- 
lations of  Fechner,  Pouillet,  Kohlrausch,  Daniell,  De  la  R.ive»  and 
Wheatstone,  and  has  proved  itself  competent  to  explain  all  the  phe- 
nantena  with  which  it  has  to  do.  Just  as  the  strength  of  tlie  theory  of 
gravitation  consists  in  its  power  to  account  for  the  movements  of  the 
solar  system,  just  as  the  strength  of  ihe  undulalory  theory  consists  ia 
its  power  to  explain  the  complex  phenomena  of  light,  so  the  strength 
of  Ohm*s  law  consists  in  its  power  to  account  for  the  phenomena  of  dy- 
namical electricity-  As  no  one  can  be  master  in  astronomy  without 
understanding  gravitation,  or  in  optics  without  understanding  the  undu- 
latory  theory,  so  no  one  can  be  master  in  electricity  without  under- 
standing Ohm*$  law. 

We  shall  endeavor  to  make  this  law  and  its  application  as  clear  as 
the  tiature  of  the  subject  will  allow.  It  is  necessary  to  define  certain 
terms  that  are  not  very  familiar  ;  first  of  all,  units  of  measurement. 

A  unit  is  ari  abstract  term  to  express  ar^y  determined  qmnfity^  by  the 
^tpefition  of  which  any  other  quantity  of  ihe  same  kind  can  be  measured^ 
An  ohm  i  *  a  unit  of  resistance  i  one  million  ohms  —  one  megohm ; 
one  millionth  of  an  ohm  =  one  raicrohm. 
A  number  of  units  of  resistance  have  been  proposed — among  others, 
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definite  lengths  of  wires  of  a  definite  thickness;  but  wire  rarely  pure, 
and  the  different  specimens  widely  vary. 

In  1864  the  British  Association,  acting  on  the  suggestion  of  Weber, 
decided  that  electrical  resistance  could  be  expressed  as  an  absolute  ve- 
locity, ftn'thout  any  reference  to  the  substance  that  conducts.  This  unit, 
which  expresses  a  velocity  of  10,000,000  metres  in  a  second,  is  called  a 
or  British  Associaiion^  unit 

Previous  to  this  action  of  the  Association  the  best  known  units  were 
those  of  Stenien  and  Varley,  Stemen's  unit  is  a  coltnnn  of  pur* 
mercuty,  one  metre  long  and  one  square  millimetre  in  sections  at  o**  C. 
Varh^s  unit  was  one  mile  of  ordinary  copper-wire,  No,  i6t  ^  of  an 
inch  in  diameter  at  60°  F.  The  B.  A.  unit  of  the  British  Association  is 
embodied  in  an  alloy  of  platinum  and  siher.  This  alloy  has  the  ad* 
vantage  of  German  silver,  that  its  conducting  power  does  not  change 
with  long  use. 

The  unit  of  electro-motive  force  is  called  *  a  t^j//.  A  volt  is  equal  to 
about  the  force  of  a  Daniell  cell,  or  the  decimal  '9268. 

The  unit  of  quantity  is  a  farad.  In  other  words,  a  farad  is  the 
quantity  of  electricity  which,  with  a  certain  electro-motive  force,  flowi 
through  a  certain  resistance. 

The  terminolog)'  of  electricity  in  general  has  been  atrociously  diffi* 
cnlt  and  obscure,  but  nowhere  has  there  been  deeper  obscurity  and 
grosser  misunderstanding  and  inconsistency  than  in  the  application  of 
the  terms  resistance^  quantity^  tension,  and  eUctro-motive  force. 

Electro-motive  Force. — The  electro*motive  force  is  the  force  thiU  urgei 
fonvard  the  current. 

It  is  the  origin  of  tension^  to  be  hereafter  defined.  This  force  ia 
modified — 

ist.  By  the  nature  of  the  plates  of  which  the  element  is  composed. 
2d.  By  the  nature  and  strength  of  the  acid  solution. 
3d.  By  the  number  of  elements  in  the  solution. 

Substances  that  stand  at  or  near  the  two  extremes  of  the  electro- 
positive and  electro  negative  series,  generate  a  stronger  electro  motive 
force  than  substances  that  stand  near  each  other. 

Zinc  and  platinum  or  ^inc  and  carbon  give  more  clectrO'inotive 
force  than  zit^c  and  copper,  be<";ausf  the  difference  in  their  oxidability 
is  grenter,  and  they  stand  farther  apart  in  the  electro-positive  and 
electro  negative  series. 

Plates  that  are  imperfect  in  their  structure,  or  which  contain  irnpim- 
ties  that  generate  currents  in  ojiposition  to  the  main  cnrrent,  or  jilaie* 
that  are  worn  01  t,  or  are  encrusted  with  the  products  of  chemical 
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decomposition,  give  less  electro-motive  force  than  pUtes  thai  are  |>er' 
fectr  fresb,  and  clean. 

Similarly  also  the  electro-motive  farce  is  diminished  by  the  p^iariting 
action  of  tht  current  in  ihe  ceJL  Thus,  in  the  Smec  cell,  the  hydrogen 
that  gathers  on  the  pUtinuni-pUte  and  the  oxygen  that  gathers  on  the 
zinc  generate  a  current  that  is  opposite  in  direction  to  the  main  cur- 
rent,  and  enfeebles  it ;  and  for  this  reason,  lifting  the  plates  ovit  of  the 
liquid  a  mometX  to  atlow  the  gases  that  form  on  them  to  escape,  oi 
vigorously  agitating  the  liquid,  at  once  increases  the  electro -motive 
force.  Strong  acids  which  excite  vigorous  chemical  action  give  more 
electro-motive  force  than  weak  acids,  and  therefore  it  is  that  sulphuric 
and  nitric  and  chromic  acids  are  so  much  used  in  batteries* 

When  the  proportion  of  acid  in  the  solution  is  large,  electro-motive 
force  is  greater  than  when  it  Is  smalL  Strong  solutions,  however,  con- 
sume the  plates  fustCTj  and  the  electro  motive  force  will  be  reduced 
thereby  sooner^  other  conditions  being  the  same,  than  when  weak  solti- 
tions  are  used 

Tlie  electro- motive  force  is  exactly  proportioned  to  the  number  pj 
ticmrntSi  without  regard  to  their  sist.  Two  elements  give  twice  as 
much  electro-uiodve  force  as  one  element,  and  one  hundred  elements 
give  one  hundred  times  as  mnrh  as  one  elt^ment  of  a  similar  character. 
This  can  be  proved  by  a  galvarjometerj  with  a  Jong  resistance-coil, 
where  the  detlection  of  the  needle  will  be  in  pretty  exact  proportion  to 
the  number  of  cells  brought  into  the  circuit.  The  exactness  of  this 
proportion  is  of  courc  modified  by  the  imperfections  of  individual  ete- 
ineots,  or  by  variation  in  the  quanrity  and  strength  of  solution  in  each 
cell ;  but  the  law  always  holds  good. 

As  with  the  long-coil  galvanometer,  so  with  the  human  body,  or  any 
other  powerful  resistance  whatsoever,  the  electro-motive  force  that  passes 
through  it  will  be— all  other  conditions  being  the  same — proportioned 
lo  the  numi>er  of  eUments  and  wtihout  regard  io  their  site.  If  a  series 
of  very  large  elements  are  opposed  to  an  equal  scries  of  very  small 
elements  of  similar  constrviclion,  no  current  will  pass ;  they  will  nen- 
(ralixe  each  other  If  both  be  tested  by  the  galvanometer  with  a  long 
fcsistancCt  they  will  cause  similar  deflections  of  the  needle. 

The  quantity  of  electricity  that  passes  through  a  circuit  is  directly  pro- 
p^rti&ned  fo  the  electro -motive  force.  If  there  were  no  resistance  in  the 
circuit,  quantity  and  electro-motive  force  would  be  the  same:  Q  =  E. 
But  there  can  be  no  circuit  without  some  resistance,  therefore  Q  neve* 
uals  E. 

Electro-motive  force  of  different  batteries,  approximately: 
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Grove  *  loo 

Bunsen  9^ 

DanieU , . . »  56 

Smee  (when  not  in  action)   57 

*'    (when  irt  action)   7$ 

WoUaston  (copper  and  zinc) . ,  46 

Marid  Davy  (sulphate  of  mercury  and  graphite),  76 

Chloride  of  silver  6z 

Chloride  of  lead  30 


These  estimates  are  the  mean  of  a  very  large  number  of  ^bserv* 
tions  by  Latimer  Clark,  taken  on  a  sine  galvanometer.  The  electro, 
motive  force  is  somewhat  modilied  by  various  undetermined  causes. 

Tension^  or  Potential, — Tensi&n  is  (hat  quality  of  electricity  hy  which 
it  overcomes  resistance.  This  definition  is  practical  rather  than  strictly 
scientific,  and  can  only  be  understood  by  explanation* 

Tension  is  a  result  the  electro-motive  force,  and  is  dependent  on  it, 
and  by  mistake  the  two  are  often  confounded.  The  sum  and  the  difFc 
rences  of  electro  motive  force  are  always  equal  to  the  sum  and  diffe- 
rences of  tension,  but  they  are  differently  distribnted  in  the  circuit. 
By  maihematicians  the  term  potentialy  suggested  by  Green,  is  preferred 
to  tension.  The  term  is  a  relative  one,  and  no  body  or  part  of  a  body 
can  be  said  to  have  an  absolute  tension  or  potential.  The  potential  of 
a  body  is  really  the  difference  between  its  poteniiaJ  and  that  of  the 
earth,  which  is  assumed  to  be  zero.  Electricity  flows  from  a  body  or 
part  of  a  body  at  a  higher  potential,  to  a  body  or  part  of  a  body  at  a 
lower  potential,  and  tl\e  work  vvhteh  it  does  measures  its  amount. 
Differences  of  potential  may  be  compared  to  differences  of  level  for 
water.  As  water  tends  to  flow  from  a  higher  level  to  a  lower  level  un- 
til all  is  of  a  uniform  height,  so  electricity  tends  to  flow  from  a  higher 
to  a  lower  potential  until  the  potential  of  all  parts  of  the  conductor  is 
the  same,  and  ceases  to  flow.  Ad  instance  of  extreme  tension  is  found 
in  lightnings  where  it  is  caused  by  the  differences  in  the  e*ectro-motive 
forces  between  two  clouds,  or  between  the  clouds  and  the  earih. 

The  tension  of  the  frictional  machine  is  very  great,  for  the  reason 
that  it  is  not  at  all  influenced  by  the  resistance  of  the  circuit,  which 
in  the  galvanic  battery  is  very  great.  If  the  current  of  the  galvanic 
battery  encountered  no  resistance  ir»  the  circuitj  or  was  not  affected  by 
re^stance,  its  tension  would  be  enormoust 

The  term  intensity  has  long  been  used  as  synonymous  with  tensioti , 
butt  strictly  spe;iking,  intensity  is  derived  fri'ui  the  French  tntcnsith^ 
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whkh  has  been  translated  intensity,  but  which  really  means  ^uanitty. 
It  is  betur  to  dispense  entirely  with  the  terra  intensity,  and  we  have 
Aonc  so  in  the  present  work. 

Outdetinitionof  tension  may  be  thus  illustrated ;  Let  a  battery  of  100 
cells  be  joined  in  the  ordinary  tension  arrangement,  zinc  united  with 
carbon  and  so  on.  Place  the  battery  on  an  insulated  stand,  and  connect 
the  fflnc  or  negative  pole  with  the  earth,  leaving  the  other  free.  Regard- 
ing the  earth,  for  convenience'  sake,  as  zero,  the  copper  pole  will  have 
a  tensioD  of  0|  while  the  free  end  will  have  a  tension  of  loo  positT'*. 
If  a  wire  be  connected  with  the  free  end,  a  current  would  flow  from  ti 
to  the  earth.  If  now  we  reverse  the  ^sition  of  the  poks,  connecting 
the  carbon  pole  with  the  earth,  and  leaving  the  other  free,  the  carbon 
end  wi^  be  o,  and  the  zinc  end  will  be  100  fugaiiv^^  and  if  it  be  con- 
noted with  the  earth  a  current  will  Bow  from  the  earth  to  it.  In  both 
of  these  cases  the  tension  is  ihe  same  ;  in  one  case  it  is  positive,  in  the 
other  n^ative.  Take  the  same  battery,  wiUi  the  ^inc  pole  connected 
with  the  earth,  and  join  the  carbon  and  zinc  ends  by  a  short,  thick  wire, 
and  a  strong  current  will  flow  througk  the  wire.  But  here  conies  in  the 
difference  between  tension  and  electro-motive  force,  for  it  can  be  ascer- 
tamed  by  proper  tests  that  the  eltctro-motive  force  of  the  battery  is  the 
same  9S  it  was  before  the  ends  were  joined,  but  the  tension  has  changed. 
Before,  it  was  too  positive  at  the  carbon  end,  now  it  is  almost  o. 

ii^  instead  of  a  short,  thick  wire,  a  long,  line  wire  that  offers  greater 
resbUuxce  be  used  to  connect  the  poles,  the  tension  at  the  carbon  end 
will  rise  with  the  increase  in  resistance  in  the  wire.  VVhen  the  n:si$t- 
4nce  t>econies  infinitely  great,  the  tension  becomes  100  again,  but  il 
can  never  exceed  100,  for  the  tension  can  n^ver  exceed  the  electro- 
motive force  at  any  pointy  although  it  may  fall  very  much  below  it. 

These  two  general  laws  in  regard  to  tension  should  be  remem- 
bered : 

ist  It  rises  with  the  dtstance  from  the  zero  end  of  the  circuit. 

ad.  The  quantity  of  electricity  passing  between  any  two  points  is 
always  proportioned  to  the  difference  of  tension  between  these  points. 
The  actual  tension  may  be  high  or  low,  positive  or  negative,  but  there 
can  be  no  current  without  differences  of  tension.* 

The  arrangement  in  series  (or,  as  it  is  erroneously  called,  intensity 
irrangement  ")*  is  when  the  electro-positive  element  of  one  cell  is  united 
to  the  electro-negative  element  of  the  next  cell,  and  so  on.  Tlie  **  q\ian< 
tity  arrangement,"  or  " multipie  are**  bwhen  all  the  electro  positive  eld 
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ments  are  united  to  all  the  electro-negative  elements  so  as  to  make  one 
large  element.  The  atfangement  in  series,  or  a  "  tension  arrangement,** 
is  used  for  all  ordiuary  galvaniiation  and  electrolyiatioti.  The  multiple 
arc,  or  *'  quantity  arrangement,"  is  used  in  galvano-cautery.  The  phrases 
** joined  for  tension,"  or  "intensity,"  and  "joined  fur  quantity^"  are 
relics  of  old  and  exploded  theories  of  electricity.  For  convenience* 
sake  they  are  still  used  ;  but  those  who  understand  Ohm's  law  neeil 
not  be  deceived  by  them. 

Ifesistance. — Resistance  is  that  quality  iff  a  conductor  that  imprdet 
the  passage  of  a  circuit. 

Tliere  are  two  kinds  of  resistance  in  any  circuit : 

ist<  That  of  the  battery  itself  {Internal  Resistance). 

2d.  That  of  the  connecting  wires  (circuit  outside  of  the  battery),  the 
galvanometer,  the  human  body,  or  other  substance  introduced  into  th* 
circuit  {External  Resistance). 

JIa7v  Resistance  is  Modified. — Resistance  is  niodiiied  in  three  ways : 

xst.  By  the  nature  of  the  substancCj  whether  liquid  or  solid,  or  by  itf 
special  chemical  composition. 

ad-  By  the  form  of  the  substance,  whether  long  of  short,  of  small  or 
lai^e  diameter. 

3d,  By  the  temperature. 

It  is  proved  hy  ty-Xi^^rimexiX  the  resistances  of  wires  of  the  same 
material  and  of  the  same  thickness  arc  directi^  proportioned  to  their 
iengthi  and  in  versely  proportioned  to  the  squares  of  their  diameters, 

A  wire  one  mile  in  length  gives  twice  the  resistance  of  a  wire  half  & 
mile  long,  and  four  times  the  resistance  of  a  wire  one-fourth  of  a  mile 
long.  On  the  other  handt  wires  of  the  same  metal,  but  of  diameters 
which  stand  to  each  other  in  the  relation  i,  2,  3,  offer  a  resistance  which 
stand  to  each  other  as  i,  ^,  In  other  words,  the  longer  the  wire  the 
greater  the  resistance,  the  thicker  the  wire  the  less  the  resistance.  The 
same  law,  but  less  exactly,  applies  to  liquids,  and  for  this  reason 
elements  give  less  resistarue  than  small  elements^  The  relative  specific 
resistances  of  a  number  of  metab  at  a  temperature  of  54°  F.  are  at 
follows : 

Copper........*..*.**..  I       Iron  7.5 

Gold.   1,4     Lead,    ri 

Zinc   3.7     Flallniun  *  ,  n.3 

Mercury  {at  57°)   50,7. 

The  converge  pf  resistance  is  conduttion. 
The  following  table  of  the  relative  conductibility  of  met^  at  3a*  F 
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Is  talcco  from  Latinier  Clark,  It  will  be  perceived  that  it  varies  sonie 
irhjl  from  the  above  table  of  relative  resistances  ; 


Silver 


130 


"  selected  (commer- 
cial) 85  to  95 

Copper,  ordinajy    (coramer  - 

cial).  40  to  70 

Brass  ao 


Gold, 


Zinc, 


Copper  (pure)  99.9  Steel 


»9 

16 


Iron  15 

German  silver. ...  .u  to  15 

Tin  13.4 

Lead  » . . ,  ^ ,  * « ^  8.3 

Platinum  *..4,6.9 
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It  will  be  seen  that  both  estimates  agree  In  making  copper  and  silvei 
the  best  cor»doctars,  and  for  that  reason  cop|Jer*wire  ts  so  much  used 
io  nraking  battery  connections.  In  both  tables  platinum  stands  low  in 
condtictibility,  and  for  that  reason  platinum  wire  is  used  when,  as  in 
galvanoxautery,  it  is  required  to  generate  heat  by  passing  the  current 
through  a  resisting  medium.  If  mercury  could  be  made  in  the  form 
of  a  wire  it  would  of  course  be  better  than  platinum,  since  its  resist- 
ance is  somewhat  greater.  Bismuth^  graphiie-t  and  coke  rank  still  lower 
in  conducting  power  than  mercury.  The  resistance  of  liquids  is  enor- 
mous. Thus,  taking  copper-wire  at  32"  F,  as  i,  the  resistance  of  a 
saturated  solution  of  sulphate  of  copper  at  48°  F.  is  16.885.520;  ditto 
of  chloride  of  sodium  at  56^  F.,  2.903.538  ;  ditto  of  sulphate  of  zinc, 
15.861.267;  sulphuric  acid  diluted  to  ^  at  68"  F.,  1,032.020;  nitric 
acid  at  55**  F.,  976,000;  distilled  water  at  59**  R,  6.734.208.000. 

It  ha$  been  estimated  that  the  human  body,  by  virtue  of  the  salts 
which  it  contains,  conducts  15  or  20  times  better  than  water^  provided 
the  skin  be  fully  moistened i  and  that  copper  conducts  from  three  to 
four  hundred  million  times  better  than  the  human  body- 

BffeHs  of  Temperature  oti  Resistance. — Resistance  is  more  or  less 
modifted  by  temperature* 

Between  i*  and  100*  C.  the  relative  conducting  power  of  the  metals 
remains  the  same ;  at  xoq*^  metaU  lose  about  30  per  cent,  of  their 
COnductibility  as  compared  with  C, ;  but  this  varies  with  different 
mel^  Conductivity  is  increased  by  annealing.  Non-nietallic  sub- 
itances  increase  in  conductivity  as  they  rise  in  temperature.  Water, 
for  example,  when  heated  conducts  better  than  water  cold  When  a 
current  passes  from  a  liquid  to  a  solid,  or  viee  versd^  the  resistance  if 
iciy  great. 
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All  Risisiancc  rtlaiivc, — No  substances  ahscluidy  resist  the  pa.ssag^ 
of  electrtdty ;  even  resin,  glass,  and  sulphur,  the  worst  conductors,  da 
conduct  a  blight  currentj  as  can  be  proved  by  a  very  delicate  galvano 
meter* 

No  perfect  C&nductor.—^^en  the  best  conductors,  as  copper  and 
silver  and  gold,  are  imperfectly  so  ;  they  all  resist  the  current  more  or 
less. 

This  can  be  shown  with  the  galvanometer,  which,  when  brought  di- 
rtcHy  into  the  circuit,  showr  a  deflection  of  the  needle  When  short 
wires  of  copper  or  silver  are  interposed  ihe  deflection  is  lessened. 

If  we  now  comprehend  the  temis  €Uctro-nwtiv€  force  and  rishtarut^ 
we  shall  have  no  difficulty  in  comprehending  the  term  quantity,  for, 
K:cordii]g  to  Ohm's  law,  the  quantity  varies  directly  as  the  electro-mo- 
tive force  and  inversely  as  the  resistance. 

The  quantity  &/  cUctricity  U  the  amount  which  passes  through  the 
circuit  in  any  given  time. 

This  depends,  according  to  Ohm's  law,  on  two  factors — tAe  electro- 
M&tit'C  force  and  the  resistance.  The  quantity  varies  directly  as  the 
titctro-motive  f^rce ;  and  if  there  were  do  resistance,  quantity  would 
be  precisely  the  same  as  elecLro-motive  force.  But  the  quantity  varies 
inversely  as  ike  rtststance^  and  therefore,  to  find  out  what  the  <iuaijtiry 
of  any  current  is,  we  divide  the  etecfr^-mcttve  force  by  the  resistance. 
The  fraction  thus  formed  is  the  quantity  or  the  strength  of  the  current, 
as  we  coumionly  call  it.  There  are,  as  we  have  seen,  two  kinds  of 
resistance^  that  in  the  battery  and  that  in  the  circuit  oulside  of  ihe  bat- 
tery; d^/h  of  these  must  be  taken  into  accoutil  in  estimating  the  relation 
of  the  different  kinds  of  batteries,  and  in  selecting  batteries  for  special 
kinds  of  work.  Let  E  be  the  electro-motive  force,  R  the  resistance 
of  the  circuit  outside  of  the  battery,  r  the  resistance  in  the  battery ; 

then  -^-^  ^  Q,  tlie  quantity  or  strength  of  the  current — the  number  of 

farads  or  measures  of  electricity  that  flow  through  the  circuit  tn  a  given 
time*  Tlie  correctness  of  this  mathematical  conclusion  may  be  demon- 
strated on  a  galvanometer  that  has  only  a  short  resisting  wire  ;  one  cell 
will  deflect  the  needle  nearly  as  much  as  one  hundred  cells.  Again, 
when  any  number  of  cells  arc  joined  together  with  great  external  resist- 
once^  such  as  is  offered  by  a  long^  fine  wire^  or  by  the  whole  human  body^ 
for  example^  the  quantity  of  electricity  that  fi&tvs  through  the  circuix 
will  increase  with  the  tncreose  in  the  number  of  cells. 

There  is  no  inconsistency  between  these  phenomena.  It  is  indeed  a 
part  of  and  a  conclusion  from  Ohm's  law.    Everything  depends  on  the 
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4^4mai  resistance.  Although  in  this  case,  as  in  the  other,  each  added 
odl  brings  in  its  own  internal  resistance  that  counterbalanci^s  ihe  elec* 
IrcMiiotive  force,  yet  the  internal  resistance  bears  sa  smali  a  proportion 
ID  the  large  exteriial  resistance  that  the  quantity  of  electricity  flowmg 
through  the  circuit  will  be  pretty  directly  proportioned  to  the  number 
of  cells. 

Still  keeping  Ohm's  law  before  us,  we  can  demonstrate  this  naathe- 
matically. 

Lrt  the  electro-motive  force  of  any  cell  be  10  volts,  and  the  interna* 
rcsistaDce  be  20  ohms,  and  the  externa!  resistance  afforded  by  the 
kamam  My  10,000  ohms.  The  quantiiy  of  a  single  cell  could  be  thus 
rrprescDted : 

 ifr ekctf^taotive  fore*   _  _i 

Agftin,  we  may  illustrate  this  as  follows  t 

One  hundred  rells  are  joined  together  and  the  ends  are  connected 
by  a  ^ort  wire.  Let  the  electro-tnotive  force  of  one  ceil  be  10  voltt 
or  units  of  electro-motive  force,  then  the  electro-motive  force  of  100 
cells  will  b«  1,000  volts.  Let  the  resistance  in  eadi  cell  be  5  ohms,  or 
units  of  resistance,  then  the  resistance  in  the  100  cells  will  be  500 
obms.  Let  the  resistance  of  the  short  connecting  wires  be  10,000 
ohms  ;  now,  in  ouiur  to  find  the  number  of  farads  of  electricity — that 
is,  tlie  quantity  or  strength  of  the  current  that  flows  through  the  con- 
necting wire — divide  the  eteetro-moiive  f&ree  hj  the  resisfanee,  and  we 
have  this  fraction : 

to^oaa  rttuianctt  of  wire,  and       rrtitfanoe  Cil  tHCKTif  i%5ilA 

This  fracdou  reduced  =  ,  a  little  more  than  which  fraction  rep- 
resents the  quantity  of  electricity  that  flows  through  tlie  wire. 

We  may  illustrate  this  law  by  supposing  a  current  of  water  passed 
through  an  ordinary  syringe.  The  quantity  of  water  that  flows  through 
the  tube  will  be  directly  proportioned  to  the  force  with  which  it  ii 
urged  forward  by  the  piston ;  this  force  would  correspond  to  electro- 
motive force.  The  friction  wUI  correspond  to  Ihe  internal  and  ex- 
ternal resistance  of  the  battery.  Now  if  we  divide  the  one  by  the 
other,  we  have  the  quantity  of  water  which  in  a  given  time  flows 
through  the  tube,  or  the  strength  of  the  current  In  this  way  we  can 
find  Uie  number  of  cubic  inches  of  water  that  flow  through  the  tube  in 
a  ceconil  of  time,  just  &s  we  can  find  the  number  of  farads,  or  units  of 
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quantity  of  dectricity,  that  flow  through  a  circuit.  It  follows  from  aP 
this,  of  course,  that  if  the  electro-inotive  force  be  very  greatly  in^ 
creased,  ihe  resiarance  being  the  sann^,  the  quantity  roust  be  increased  ; 
but  if  the  resistance  be  increased  in  proportion  to  the  increase  of  the 
electrO'inotive  force,  the  quantity  wilJ  not  be  any  greater. 

Absolute  Quantity  and  Actual  Quantity. — It  also  follows  that  the 
nbselute  quantity  of  any  battery — the  amount  that  it  is  capable  of 
generating — tnay  be  very  much  greater  than  the  actual  quantity  that 
it  sends  through  a  circuit.  Everything  depends  upon  the  resistances 
whether  it  be  small  or  great, 

Rctation  of  Quantity  to  EUctro-therapeutics. — It  is  important  to  know 
how  to  ascertain  the  quantity  of  electricity,  for  nearly  all  of  the  lead- 
ing actions  of  electricity  depend  on  quantity.  It  is  quantity  iha» 
deflects  the  needle  of  the  galvanometer,  and  quite  accurately  mea- 
sures the  current  that  passes  through  the  wires  that  surround  the 
needle.  It  is  quantity  that  decomposes  chemical  substances,  as  water, 
salts,  the  human  body,  etc.  Hence^  electrolytic  operations  largely 
depend  on  the  quantity  of  electricity  that  flows  tlirough  the  tissues 
acted  on.  It  is  quantity  that  acconipUbhes  tnuch  of  the  therapeutical 
effect  of  the  different  forms  of  electrization — although  tension  alone, 
with  very  small  quantity,  may,  as  in  the  case  of  friciional  or  frank- 
linic  eleclricity,  be  capable  of  tlierapeuttcal  effects.  Franklinic  elec* 
tricity,  however,  relieves  and  cures  disease  by  changing  the  electrical 
condition  of  the  patient,  by  giving  a  positive  or  a  negative  charge^ 
more  than  by  the  passage  of  the  current  through  the  body,  and  the 
consequent  electro- tonic  and  cheiincal  changes.  Ordii^ary  faradic  or 
galvanic  electricity,  on  the  other  hand,  does  not,  as  many  suppose, 
charge  the  patient  with  electricity,  and  does  not,  by  its  direct  action, 
leave  any  more  electricity  in  the  body  than  it  finds  there.  If  they 
Increase  or  diminish  the  natural  electricity  of  the  body,  it  is  indirectly 
through  the  effect  of  quantity  of  electiicity  passing  through  the  tissues 
and  improving  nutrition. 

Under  this  head  come  these  important  practical  conclusions; 

Firsts  If  any  large  number  of  cells  every  way  similar  are  joined  in 
a  SHORT  CIRCUIT  by  large  cmnecting  wires,  and  imthout  any  other  ex- 
ierfial  resistance,  there  will  be  no  more  quantity  of  electricity  flowing 
than  if  a  small  number  of  similar  cells  were  so  j&ined. 

Although  each  additional  celt  increases  the  electro-motive  force,  yet 
it  also  increases  the  resistance,  as  we  have  alreaily  seen,  and  this  in« 
crease  of  resistance  will  counterbalance  the  increase  of  elcrtro-njotive 
force,  so  that  the  quantity  of  electricity  that  flows  through  the  cucuii 
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sbcMl  tisc  same.  Ohm's  kw  will  demonstrate  this  malhematL 
cally.  Let  the  electro-motive  force  of  any  cell  be  lo  volts,  oi  units  of 
electro  motive  force,  and  the  resistance  of  each  cell  be  zo  vhmsy  or 
unhs  of  resistancei  and  the  resistance  of  the  short  wire  2  ohm^ 
Dividing  the  electro-motive  force  by  the  resistance,  we  have  for  a  sit^gle 
cell  1^4-  ,  =11^^  =  the  quantity  that  one  cell  sends  through 
the  circuit. 

Now  let  there  be  50  similar  cells,  and  our  fraction  will  be  x  {J| 
=  iVft  t  —  iSW  ^  f  H  ^  ^  fraction  that  varies  very  slightly  in 
value  from  -f^^.  Let  there  be  i^ooo  cells,  and  we  have  tliis  fraction ; 
H  ^  4W  =  iW»  +  ■  =  mii  ■  The  result  stlti  ditfers  but  slightly 
Cram  those  previously  obtaloed- 

S^^cnMy,  Large  teUs  connected  by  great  txiernal  resistance^  as  the 
kmman  My,  a  gaivanometer  with  a  iaftg  restsinme-CQii,  do  not  send 
mare  quantity  qJ  electricity  through  thai  external  resistance  than  similar 
smuit  celts, 

Tbe  electro-motive  force  of  large  cells  is  no  greater  than  that  of  simi- 
lar small  cells,  as  we  have  already  seen.  The  resistance  is  less  because 
the  surface  of  the  plates  is  greater,  and  the  greater  the  section  the  less 
the  resistance,  as  has  already  been  shown.  But  the  little  advantage 
thus  gained  from  large  cells  by  a  diiiiinutton  of  resistance  bears  so 
small  a  proportion  to  the  great  external  resistance  of  the  human  body, 
or  of  a  very  long  wire,  that  the  quantity  of  electricity  actually  sent 
through  the  circuit  will  not  be  materially  increased — at  least  by  any 
reasonable  number  of  cells. 

Here  again  Ohm's  law  comes  to  our  assistance,  and  fortifies  our 
statement  by  a  rigid  mathematical  demonstration.  Let  us  suppose  a 
battery  of  100  small  ceils.  Let  the  electro-motive  force  of  each  cell 
be  10  volts.  Let  the  internal  resistance  of  each  cell  be  20  ohma. 
Let  the  external  resistance  of  the  human  body,  through  which  the  cur- 
rent is  to  be  made  to  pass,  be  lo^ooo  ohms-  Now,  by  Ohm's  law,  to 
&nd  ih^  quantity  of  electricity  that  tlows  through  the  human  body  when 
enclosed  in  the  circuity  we  divide  the  electro-motive  force  by  the  inter- 
nal and  external  rcsistaoce^  as  follows : 

 loo  M  10  J  Kgft   IDOO  W  I 

Let  US  now  suppose  too  similar  very  large  cells.  The  electro 
laotive  force  would  be  the  same,  the  external  resistance  would  be  the 
s&me.  But  the  internal  resistance  of  the  battjry  would  be  less  be. 
cause  the  surface  is  greater. 
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By  a  l&w  previQusIy  explained,  the  resistance  varies  irwersely  as  ihi 
square  of  the  section.  For  convenience  sake,  wc  will  suppose  the  re* 
sistance  of  the  large  cell  to  be  that  of  the  small  ones — that  i**  2 — 
and  Ohm's  law  will  give  us  the  following  fraction : 

_  too  X  iQ  =  I*™  (eicctro-mflitiTwc  foffce)  \ooo  xtt 

— a  iraction  that  is,  it  is  truei  a  little  larger  thao  ^  but  not  enough  to 
be  worth  considering. 

The  same  truth  uiay  be  shown  by  a  galvanometer  that  tias  a  long 
resistance-coiL  If  the  fluid  be  raised  just  a  little,  so  that  elements  are 
just  immersed  and  the  poles  are  connected  with  such  a  galvanometer, 
3  certain  deflection  of  Che  needles  will  take  place,  according  to  the 
number  of  cells ;  if  now  we  raise  the  fluid  sttU  higher^  so  that  all  the 
elements  are  Immersed,  and  four  or  hve  times  as  much  surface  is 
brought  into  action  in  each  cell,  Ihe  needles  will  not  be  much  more 
deflected,  but  will  remain  at  nearly  the  same  point  where  it  was  when 
the  eletneuts  were  first  immersed.  This  is  an  experiment  that  we 
have  made  repeatedly. 

For  the  galvanometer  substitute  the  human  body  from  the  hand  to 
the  legs,  and  we  can  understand  the  great  fact  tiiat  large  cells  do  not 
send  more  quantity  of  electricity  through  the  body  than  small  cells  oj 
similar  character. 

From  all  these  demonstrations  we  see  that  it  is  with  electricity  as 
with  money — ^the  absolute  quantity  that  any  man  may  give  may  be  a 
very  small  fraction  of  the  actual  quantity  that  he  cart  he  made  to  give. 
A  millionaire  has  a  far  greater  quantity  of  money  £han  one  who  has 
only  a  thousand  dollars,  but  the  one  may  not  give  a  dollar  any  easier 
than  the  other.  Under  great  pressure  the  milJionaire  may  give  a 
thousand  times  more  than  the  poor  man,  just  as  a  battery  of  large  cells 
may,  before  small  resistance,  send  a  very  much  larger  quantity  of  elec- 
tricity than  a  similar  battery  of  small  cells ;  but  when  there  is  great 
lesistance  it  may  send  very  little,  if  any,  more. 

Itk  electro  therapeutics,  as  in  telegraphy,  electro-metallui^,  and 
other  u^eSf  l^g^  cells  have  this  advantage,  that  they  last  longer  and 
dfi  tot  retire  sa  Jreftteni  cleaning  and fiiliag. 

Although  they  cannot  in  a  given  time  sen^  through  the  human  body, 
or  long  lines  of  wires,  any  more  quaiitity  of  electricity  than  small  cells, 
yet  their  reserve  quantity  is  much  greater,  and  in  proportion  to  ^hett 
«Uc  they  teiil  hold  Put  longer  and  keep  up  a  more  uniform  current. 
The  poor  man  may  give  five  dollars  as  easily  as  the  millionaire,  but 
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ftiider  great  pressure  the  millionaire  can  keep  on  giving  out  five  dollars 
long  after  the  resources  of  the  poor  man  are  exhausted- 
Large  cells  may»  far  electro-therapentical  purposes,  have  the  advan- 
tage of  stendinm  of  current ;  there  wouid  appear  to  be  less  fiuchmtion 
in  the  strength  of  the  current  from  moment  to  [Qoir':Dt  than  when  the 
cells  are  smalt. 

In  small  cells  the  de^ee  of  ihe  internal  resistance  and  the  extent  of 
the  chemical  action  may  vary  more  or  less  from  moment  to  moment, 
awing  10  the  polarisation  of  the  elements  and  the  deposition  of  the 
salts  in  the  solution.  This  fluctuation  ts  most  marked  in  batteries 
where  ihe  aciion  is  very  energetic  Small  single  cells,  especially  ihe 
cinc-carbon  batteries,  lose  much  of  their  power  during  a  long  opera- 
don.  Thi  poptiiar  notion  that  large  cdh  have  a  tktrapeutk  Qdvan- 
tage  ever  smaii  cdh  by  sendiftg  a  larger  quantity  of  tUctruity  through 
the  bedy  is,  in  the  light  of  Ohttfs  taiv,  as  well  as  in  the  light  &f  expe- 
rim^f,  err&ne&us. 

Thirdly,  F(fr  th«  electro-chemical  decompcsiti&n  of  water ^  saitSt  and 
the  human  body  {elutrolysis\  a  eomtderahU  number  &f  eells  &f  medium 
tite,  neither  very  large  nor  very  smail^  and  in  which  the  chemical  action 
is  powerful^  art  required. 

The  resistance  of  the  limited  portion  of  the  human  body  usually 
submitted  to  electrolytic  operation  is  great,  though  not  so  great  as  that 
of  the  whole  body  ;  and  as  we  have  seen,  before  a  greai  resistance^ 
very  large  cells  give  no  greater  quantity  in  a  given  time  than  cells  of 
moderate  sire.  If  the  cells  are  too  small,  however,  they  will  soon 
become  exhausted.  For  electrolytic  operations,  the  ordinary  ^inr-car* 
lx>n  or  Walker's  batteries,  as  manufactured  in  this  country  by  the  Gal- 
vono  faradic  Manufacturing  Co,,  Kidder  and  others,  answer  very  ex- 
cellently most  of  the  purposes  of  electrolysis.  They  have  more  electro- 
motive  force  than  Smee's  elementSj  and  although  not  as  enduring,  ihey 
ytt  give  a  greater  quantity  of  electricity  for  a  short  time,  which  is  of 
course  the  great  requisite  in  electrolytic  operations^  The  resistance 
of  the  skin  is  very  great,  but  in  electrolysis  the  needles  go  beneath  the 
skin,  and  arc  placed  near  each  other.  The  resistance  is  very  much 
less  than  in  external  applications  when  the  electrodes  are  far  apart ; 
hence  it  is  an  advantage  in  electrolysis  to  have  cells  of  good  si?e, 
though  not  of  Ihe  largest. 

Fourthly,  IVhen  a  short  platimtm-wire  in  a  short  ciratit  is  to  bi 
keated^  as  in  galt^no-cnutery  operations^  a  very  few  targe  cells  or  d 
tingle  very  large  eell  is  preferable  to  a  large  number  of  small  cells. 

Thia  fact  has  long  been  practically  recognized,  and  all  the  baCtenei 
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for  galvano  cautery  operations  are  constructed  on  this  principle.  The 
reason  for  this  is  not  so  well  understood ;  Ohm's  law  gives  us  the  ex- 
planation, 

Matintmi  wire,  though  it  resists  the  current  very  powerfully  as  com- 
pared with  silver  or  copper  wire,  yet  offers  a  very  smill  resistance  as 
compared  with  water  or  the  human  body,  or  if^rjt  long  wire  of  any  kind. 
Hence,  in  the  galvano-caiitery  instruments,  the  external  resistance  ii 
small,  being  not  very  much  greater  than  the  internal  resistance  of  the 
batteries,  perhaps  not  so  great.  Now,  before  a  large  external  resist- 
ance— the  human  body,  or  very  long  coils  of  wires — tile  surface  of  the 
elements  is  used  to  the  best  advantage  when  cut  up  into  small  cells ; 
before  a  small  resistance,  the  surface  of  the  elements  ts  used  at  the 
best  advantage  when  cut  up  into  a  few  large  cells,  or,  if  the  external 
resistance  be  very  slight  indeed,  a  single  large  cell  will  be  better;  for 
we  have  previously  shown  that,  in  a  short  circuit,  one  cell  gives  as 
much  quantity  of  electricity  as  one  hundred,  or,  indeed,  any  number  of 
cells. 

Let  us  suppose  loo  small  cells ;  let  each  cell  have  an  electro-motive 
force  of  lo  volts  and  a  resistance  of  ao  ohms.  Let  there  be  enclosed 
in  a  circuit  the  human  body,  or  a  verj"  long  coil  of  fine  wire,  that  gives 
a  resistance  of  10,000  ohnis.  Then,  according  to  Ohm's  law,  we  have 
the  following  faction  : 

IBP  *  10  =  lOOO  <t«C£fQ-fflOtjw  fofce  ^  ^ 

which  represents  the  quantity  of  electricity  that  flows  through  the 
circuit  Supi^ise  now  one  cell  of  the  same  character,  but  very  much 
larger,  send^  a  current  in  a  short  circuit — through  a  sh&rt  platinum- 
wire^  such  as  is  used  in  tlie  galvano-cautery  for  cauterizing  surfaces. 
Suppose  the  external  resistance  of  this  short  circuit  be  9  ohms,  ITie 
dcctro-nioiive  force  of  the  large  cell  is  no  more  ihai5  that  of  the  small 
cell ;  the  intemai  resistance  of  the  battery  is  very  much  less,  for,  as  we 
have  seen^  the  resistance  diminishes  as  the  surface  increases.  For 
convenience  sake,  we  will  suppo^  the  internal  resistance  of  the  large 
to  be  ^  that  of  the  small  cell — that  is,  x.  Now,  dividing  the  electro- 
motive force  by  the  resistance*  according  to  Ohm's  law  we  have  thii 
result : 

the  quantity  of  electricity  that  llows  through  the  ciraut»  twelve  timei 
ts  much  as  with  too  small  cells. 
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Suppose  now  this  one  large  cell  be  connected  hy  2.  hng  and  Jine 
platinuiii-nire,  ftuch  as  is  used  in  the  removal  of  tumors  by  galvano* 
caaCcry  operations.  The  resistance  will  of  course  be  greater,  for  two 
reasons^  because  the  wire  \%  longer  and  because  it  is  finer ;  for  the  law 
iSt  the  less  the  surf:tce  or  section  the  less  the  resistance. 

Supi>ose  tiic  resistance  be  19  ohms.  Dividing  the  electro-motive 
force  by  the  resistance,  we  have — 

rxlR-iLal  mut:>iicc  *  f  intan4l  resisttnce     m  • 

i/uti  is^  me-half  the  quantity  ef  eUctrisity  thai  there  was  when  a  sh&H 
fla/imm-wire  was  in  the  ciraiit.  Very  likely  this  would  not  be 
enough  to  heat  the  wire  and  keep  it  hot  during  a  long  operation. 
This  law  comes  to  our  rescue,  and  helps  us  out  of  this  as  of  so  njany 
other  difficulties^  Cut  up  the  one  large  cell  into  two  cells,  and  inter- 
pose the  long  fine  platinura-wire  in  the  circuit  The  electro  motive 
force  will  be  doubled,  the  external  resistance  will  be  the  same ;  but 
the  internal  resistance  will  be  greater  because  the  surface  is  diminished. 

Dividing  the  electro-motive  force  by  the  resistance,  our  fraction 
sunds  thus : 

 wa  ^prtro-fnotive  bree    ■» 

whtch  IS  nearly  double  the  quantity  of  electricity  sent  through  the  loag 
wire  by  a  single  cell.  Thus  is  explained  tlie  fact  that  the  best  galvano- 
cautery  batteries  are  arranged  so  as  to  be  thrown  into  one  large  cell, 
or  cut  up  into  several  cells,  according  as  a  short  or  long  wire  is  to  be 
heated. 

has  bfcn  found  by  experiment  that  the  heat  developed  by  the  curreM 
in  any  wire  is  proportioned  to  the  scares  of  the  quantity  0/  eteeiriciiy 
that  flott's  through  it. 

This  is  demonstrated  by  passing  a  current  through  platinum-wires  in 
a  bottle  01  alcohol.  The  heat  is  communicated  to  the  alcohol^  and  the 
thennomclcr  shows  the  temperature.  It  is  found  if  a  current  of  a  cer- 
tain quantity  raises  the  temperature  10,  a  current  of  twice  that  strength 
Will  raise  it  40. 

Again^  it  is  found  by  ejcperiment  that  the  heat  developed  by  the  mr^ 
rtnt  in  any  wire  is  proportioned  to  the  reststanee  of  the  wire. 

Thb  is  dcTuonstrated  with  the  arrangement  just  described,  by  insert- 
ing a  rheoftat  whose  resistances  are  known,  so  as  to  keep  the  quantity 
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of  elecrtridty  constant  at  a  fixed  point,  and  then  inserting  platinum 
wires  of  different  lengths  into  the  bottle. 

From  all  this  it  follows  that  batteries  for  galvano-catttery  should 
have  brge  surfaces  and  a  small  number  of  cells,  and  that  they  should 
be  arranged  so  that  the  surface  may  be  used  as  one  or  two  cells,  or 
cut  up  into  four  or  six,  according  as  short  or  long  wires  are  to  be 
heated. 

Fifthly.  It  follows  thai  the  dose  of  an  eUetrUal  application  cannoi 
be  accural dy  described  by  slating  the  number  of  cells  and  the  length  of 
the  siiting. 

This  conclusion  is  an  important  one*  and  for  want  of  a  knowledge  of 
it  electro-therapeutists  continually  blunder. 

Supposing  now  that  we  are  treating  a  patient  locally  or  centrally  by 
the  galvanic  current,  and  we  desire  to  transfer  the  patient  to  another 
physician.  We  inform  the  physician  to  whom  the  transfer  is  made,  that 
we  are  treatin|^  the  patient  with  ten  cells  for  ten  minutes^  and  we  desire 
that  he  should* continue  to  give  the  same  dose.  In  the  light  of  Ohm's 
law,  let  us  see  what  such  instructions  are  really  worth.  The  quantity 
of  electricity  that  passes  through  the  patient  in  a  minute  is  equivalent 
to  the  electro-motive  force  divided  by  ttie  resistance  ;  multiply  the  quo- 
tient tlnis  obtained  by  ten,  and  we  have  the  dose  of  electricity  that  the 
patient  receives  in  ten  minutes.  If,  now,  all  the  factors  that  determine 
the  electro -motive  force  and  the  external  and  internal  resistance  were 
constant  and  were  accurately  known,  and  if  they  were  the  same  for  all 
batteries  and  all  modes  of  application,  then  the  dose  thus  ordered 
would  be  a  mathematical  one,  and  could  be  mathematically  followed 
No  forms  of  error  are  so  erroneous  or  so  illusory  as  those  tliat  approach 
US  under  cover  of  facts  and  figures.  In  our  very  attempt  to  be  accurate 
we  stumble  into  gross  inaccuracy.  Had  we  left  the  whole  matter  to  the 
judgment  of  the  physician,  with  some  general  suggestions  as  to  the  sus- 
ceptibihty  of  the  patient,  we  should  have  come  far  nearer  the  truth,  ai 
will  be  apparent  by  the  following  considerations. 

The  electro-motive  force  varies  in  different  batteries,  and  in  the  same 
battery  at  different  times.  Grove*s  battery,  for  example,  has  four  timei 
the  electromotive  force  of  Sniee's  battery  in  action^  and  twice  the  elec 
tro-motive  force  of  zinc  and  copper,  or  DanielPs  battery.  Then,  again^ 
the  electro-motive  force  will,  in  some  batteries,  as  Smee's  or  VValkei's, 
fall  off  during  an  application  ;  and  in  all  battericSt  however  constructed, 
the  electro -motive  force  varies  at  different  times,  from  causes  not  yef 
determined. 

But  the  electro-motive  force  is  constancy  itself  in  comparison  witK 
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che  Toriations  of  the  internal  and  external  resistances.  Beginning  w\th 
the  internal  resistance,  we  find  that  for  a  Grove's  cell,  containing  one 
pint  of  liquid,  it  is  very  small,  less  than  one  ohtn ;  for  a  DanielVs  cell, 
5  to  15  ohfus,  and  for  a  Siitce*s  ce!l»  kss  than  one  ohm.  The  internal 
resistance  varies  with  the  slzt:  and  shape  of  the  cell^  the  distance  of  the 
plates  from  each  other,  and  with  the  length  of  lime  that  the  battery  is 
in  action.  Even  if  the  electro-motive  force  and  external  resistance 
were  accurate  and  constant,  the  variations  in  the  internal  resistance 
would  be  sufficient  to  vitiate  all  attempts  at  prescribing  electricity  by 
the  number  of  cells. 

But  it  is  in  the  external  resistance  that  we  find  the  greatest  variation, 
uncertainty,  and  inconstancy  in  applications  of  electricity  to  tlie  human 
tx>dy.    The  external  resistance  depends  on  the  followittg  factors: 

1st,  The  sbe  and  construction  of  the  wires  that  connect  the  battery 
with  the  electrodes.  The  larger  the  section  the  less  the  resistaiice, 
and,  therefore,  large  wires  will  conduct  more  than  small  ones.  A  cer* 
tiin  conventional  size  is  manufactured  by  each  instrument-maker,  but 
the  sizes  vary  with  different  makers. 

3d«  The  size  and  s]iape  of  the  electrode.  Up  to  a  certain  point, 
vart'ing  ^viiH  the  number  of  cellSf  a  large,  broad  electrode  will  conduct 
more  ilian  a  small  and  narrow  one,  A  metallic  electrode  conducts 
very  much  belttir  than  a  sponge ;  flannel  conducts  much  better  than 
sponge^  but  wor^e  than  metal.  The  difference  in  the  conducting  power 
of  metal,  sponge,  and  flannel,  is  great.  A  current  which  is  painful  when 
apl>lted  by  a  metal,  and  is  quite  perceptible  when  applied  by  a  flanne] 
or  cb&nioi^  is  not  felt  at  all  when  applied  by  a  sponge.  The  painful 
Qess  of  an  at>pUcationf  it  is  true,  does  not  depend  on  the  amount  of 
electricity  that  passes,  but  is  also  modified  by  the  extent  to  which  the 
current  is  diffused*  This  would  depend  on  the  action  of  the  electrode. 
With  the  ^me  current  passing,  the  hand  of  the  operator  would  proba^ 
bly  be  less  irritating  Uian  a  sponge  or  flannel. 

3d.  The  quantity  and  quality  of  the  liquid  used  to  moisten  the  elec- 
trodes. Electrodes  tiiat  are  perfectly  dry  conduct  but  little,  at  least 
with  currents  of  the  tension  used  in  electro-therapeutics.  Electrodei 
th&t  are  wet  with  warm  water  conduct  better  than  (hose  that  are  wet 
with  cold  water  ;  and  those  that  are  wet  with  warm  salt-water  conduct 
best  of  all.  The  difference  in  the  conductivity  of  a  sponge  wet  with 
^niple  cold  water  and  one  wet  with  warm  salt-water  is  so  great  that  a 
current  which  is  not  felt  when  applied  by  the  former,  becomes  unbearable 
irhen  applied  by  the  latter. 

4th.  The  amount  of  pressure  that  is  used  on  the  electrodes*    If  the 
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ret  sponge  is  lightly  pressed  it  conducts  but  little,  And  its  conductivity 
increases  with  the  pressure.  Firm  pressure  moistens  the  skin  more 
tlioroughly,  and  thus  increases  its  conductivity,  and  at  the  same  time  it 
brings  into  coaptation  all  parts  of  the  sponge,  so  ihat  it  becomes  well' 
saturated. 

5th,  The  position  and  extent  of  the  body  included  between  ihe  elec- 
trodes. 1  his  factor  is  a  most  important  onct  and  it  has  been  unac- 
countablv  overlooked  in  all  discussions  on  this  subject.  The  difference 
in  the  conductivity  of  the  bones  and  soft  tissues  is  all  the  dttTerence 
between  twenty  and  onei  and  in  all  parts  the  conductivity  is  modified 
by  age,  by  temperament,  and  by  disease.  The  resistance  of  the  whole 
body*  from  one  hand  to  the  other  through  the  shoulders,  is  about  seven 
or  eight  times  the  resistance  of  the  Atlantic  cable,  and  the  resistance  of 
the  whole  leagtlx  of  the  body,  from  the  head  and  shoulders  to  the  feet, 
is  probably  greater  than  that.  But  the  resistance  of  any  limited  portion 
of  the  body,  as  the  head,  or  spine,  or  cervical  sympaihctic  and  pneu- 
mogastiic,  or  individual  muscles  or  nerves,  must  be  only  a  fractional 
part  of  the  resistance  of  the  whole  body.  Other  conditions  being  the 
same,  the  nearer  the  electrodes  are  to  each  other  the  less  the  resistance. 
This  may  be  illustrated  by  an  experiment  that  we  have  frequently  tried. 
If  one  electrode  be  put  in  the  vagina  and  the  other  in  the  rectum,  a  cuT' 
rent  of  but  two  or  four  cells  may  be  painfully  felt;  bat  if  one  of  the 
electrodes  is  placed  externally  on  the  back  or  hypogastrium,  a  current 
of  a  dozen  or  more  cells  may  be  scarcely  perceived^  The  same  experi- 
ment  may  be  tried  on  the  back  ;  placing  one  pole  on  the  nape  of  the 
neck  and  the  other  at  the  lower  end  of  the  spine,  a  current  that  is  just 
perceiJtibie  at  first,  as  the  electrodes  approach  each  other  becomes 
positively  unbearable. 

6ih.  The  length  of  the  application.  When  the  galvanic  current  ia 
first  applied  to  the  body  by  wet  sponges,  but  little  sensation  is  experi- 
enced on  the  skin ;  but  in  ihe  course  of  a  few  seconds  a  burning  pain  is 
fell,  that  increases  with  the  length  of  the  application.  This  is  explained 
in  part  by  the  chemical  changes  that  lake  place,  and  in  part  by  the  fact 
that  as  the  skin  becomes  more  and  more  moistened  by  the  pressure  ot 
the  wet  sponge,  and  the  skin  under  the  electrode  becomes  more  and 
more  congested,  the  resistance  is  diminished.  Consequently,  toward 
the  close  of  even  a  very  short  application,  more  electricity  passes,  al] 
other  conditions  being  the  same,  than  at  the  beginning.  On  this 
account  it  frequently  becomes  necessary  to  reduce  the  number  of  cells 
during  the  sittings  especially  when  the  electrodes  are  kept  all  die  time 
on  one  spot    Thus  it  becomes  clear  that  any  attempt  to  prescribe  the 
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dose  of  electricity  by  the  number  of  cells,  in  ordinary  fx/erftai  a.\ip\'icg^- 
tiona  to  the  body,  must  fail  of  its  object-  In  electrolysis,  where  the 
iicedlcs  are  always  united,  near  to  each  otlicr  and  under  the  skin,  the 
chances  for  error  axe  not  so  great,  since  there  is  m«ch  less  variation  ii> 
Che  resistance.  If,  in  describing  an  electrolytic  operation,  we  specify 
the  ^tMif  and  number  of  cells  used,  and  the  mode  and  length  of  opera- 
don,  we  convey  a  tolerably  correct  idea  of  what  was  really  done.  The 
tinie  may  come  in  the  advance  of  science,  afler  physiology  shall  have 
found  its  Newton  to  reduce  its  present  chaos  to  order  and  law,  when 
it  shall  be  possible  to  prescribe  so  many  farads  of  electricity,  repeated 
three  times  a  week,  as  we  now  prescribe  so  many  grains  of  bromide  of 
potassium,  or  so  many  drops  of  laudanum,  repeated  three  times  a  day  ; 
but  for  the  present  we  can  rest  assured  that  wheu  we  describe  the  cur- 
rent that  we  employ  as  mildi  or  meduim^  or  sirottg^  and  have  stated  the 
method  and  length  and  frequency  of  application,  we  have  attained  all 
the  accuracy  that  science  will  allow. 

Although  the  above  statements  have  reference  only  to  the  galvanic 
:;urTent,  they  just  as  truly  apply  to  the  faradic  ;  for  induced  as  well  as 
galvanic  electricity  is  subject  to  the  law  of  Ohm.  One  difference,  how- 
ever, should  be  notedi  that  on  account  of  the  slighter  chemical  action 
of  the  faraiL  .  '-urrent  the  resistance  of  the  skin  beneath  the  electrodes 
docs  not  diminish  with  the  length  of  the  application.  For  the  above 
reasons  the  graduated  scales  that  accompany  some  of  the  faradic 
uiachines  for  electra-tbcrapcutics  arc  of  but  liule  practical  value. 

Finally,  Ohm's  law  explains  the  fact  of  observation,  that  when  the 
poles  of  a  galvanic  battery  are  metallically  connected,  the  chemical 
actioo  in  the  battery  is  greatly  increased  and  the  plates  rapidly  de- 
stroyed. The  metals  being  better  conductors  than  the  body,  conduct 
a  much  greater  quantity  of  electricity  ;  and  as  the  potential  quantity  of 
electricity  tltat  any  battery  is  capable  of  generating  is  limited,  then 
whcii  the  resistance  between  the  poles  is  least,  the  action  must  be 
strongest,  and  tlie  metals  the  most  rapidly  consumed.  Neglect  in  thii 
ref^ard  causes  the  premature  destruction  of  many  batteries. 
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KEUiTlON  or  ELECTRO-PHYSIOLOGY  TO  ELBCTRO-THEIUPEtJTICfl — 
ANrMAL  ELECTRlCmr, 

EUctro-pkysiology  is  the  science  which  treats  both  ef  the  laws  of 
animat  ettctrkity^  and  also  of  the  phenomena  produced  by  the  acti&h  of 
tltiiricity  on  the  body  in  health.  We  propose  to  present  this  subject 
as  cottiiMctly  as  possible,  and  consequently  shall  speak  only  of  those 
facts  thai  are  necessary  for  a  tnic  appreciation  of  the  science,  and 
chiefly  of  those  that,  directly  or  indirectly,  have  a  practical  bearing  on 
c  !ectro  therapeutics, 

Impttrtance  pf  a  Kno7vled^e  of  Electro-physioh^y  to  the  Eh^tro-thtra- 
peutist. — It  is  of  course  possible  to  use  electricity  successfully  in  [hera- 
peutics  without  any  thought  of  its  physiological  action,  and  thousands 
have  so  used  it.  It  i»  possible  to  relieve  pain  of  almost  every  variety, 
and  to  cure  any  of  the  curable  forms  of  paialysis,  without  understanding 
anything  of  the  action  of  electricity  on  nutrition  or  on  the  normal  nius- 
cle.  Atiy  old  country  granny,  (he  stupidest  of  nurses^  an  infant  even, 
can  hold  two  sponges  on  a  part  of  the  surface  of  the  body,  and  let  the 
current  run.  Those  who  aim  no  higher  than  this — the  indiscriminate 
holding  of  electrodes  on  patients' — need  give  no  thought  to  electro- 
physiology  ;  need,  indeed,  waste  no  time  on  this  or  on  any  other  work  of 
electro  ihtrapeiitics  :  they  do  not  even  need  to  trouble  themselves  with 
the  details  of  the  applications,  but  have  simply  to  delegate  them^  with- 
out reserve,  to  the  nearest  nurse  or  clodhopper.  Those,  we  assert,  who 
»im  no  higher  than  this  will  fall  short  of  even  that ;  their  success  in 
rchcving  symptoms  by  electrization  will  be  so  capricious  and  ilhtsory, 
tha^  in  time,  they  will  abandon  the  attempt^  allow  their  battery  to  grow 
rusty  in  the  garret,  and  thenceforth  they  will  condemn  and  despise  sci- 
entitic  and  successful  electro-therapeutists. 

The  clectro-lherapeutist,  above  all  others,  should  start  out  under  the 
inspiration  of  the  motto  of  the  late  President  Dwight ;  "  Aini  high^  for 
jrou  will  be  sitre  to  come  short  of  your  aim/'  To  apply  electricitj^  aftef 
the  manner  of  nurses  and  "  rubbing  doctor's"  is  not  using  it,  but  abus- 
ing It. 
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Those  who  aspire  to  mastership  in  elecrro  iherapeutics  will  not  be  con 
tent  ^vith  the  mere  attejiipt  to  relieve  symptoms;  they  will  seek  to  uvtdy 
Ihose  most  complex  and  subtle  diseases  for  the  treatment  of  which  elec- 
tricty  is  indicated  j  they  will  resort  to  this  force  for  diagnostic  as  well  as 
therapeutic  aid  ;  they  will  strive  to  know  not  only  how  to  use  it,  but^  what 
is  more  difficult,  how  not  to  use  it  He  only  can  reap  the  full  and  rich 
harvest  of  electro-therapeutical  science  and  art  who  sows  beside  all 
waters  ;  he  must  become  more  or  less  proficient  in  neurology,  in  electro* 
physics^  and  in  electro-physiology.  He  who  has  a  knowledge  of  the 
laws  of  animal  elcctricitVj  and  the  actions  and  reactions  of  franklinic, 
galvanic,  and  faradic  electricity  on  the  brain,  spinal  cord,  and  sympa- 
thetic ;  on  the  nerves  of  motion  and  of  common  and  special  sense  ;  on 
voluntary  and  involuntary  mu-sclcs;  on  the  skin,  and  on  all  the  various 
passages  and  organs  of  the  body  in  health,  and  also  of  the  electro-con- 
duclivily  of  the  body,  will  find  the  paths  of  electro^diagnosis  and  of  elec- 
tro-therapeutics illumined  at  every  step  by  such  knowledge^  and  will,  in 
the  end,  make  more  correct  inteq>retations  of  disease  than  he  who 
merely  holds  electrodes  on  patients  without  any  higher  aim  ;  and  more 
than  that,  he  will  be  introduced  into  a  field  of  thought  and  experiment— 
a  6eld  surpassingly  rich  and  fruitful]  and  lying  in  close  relation  to  all 
departments  of  physiology,  of  pathology,  and  of  biology,  vvht-re  he  can 
study  science  for  its  own  sake,  without  regard  to  its  immediate  practical 
value. 

In  the  above  remarks  we  do  not  wish  to  be  understood  as  subscrib- 
ing to  the  notion,  quite  popular  among  some,  that  electro-therapeutici 
must  be  based  on  electro-physiology  ;  very  far  from  it :  the  two  science! 
are  closely  related  and  are  of  recipTocal  assistance,  but  one  is  not  built 
upon  the  other.  Neither  are  exact  sciences,  and  may  never  become 
such.  Pathology,  though  it  is  but  the  shady  side  of  physiology,"  yet 
so  complicates  therapeutics  that  electro-physiology  cannot  become  a 
reliable  basis  for  electro  therapeutics*  The  two  sciences  are  pursue 
mainly  by  different  methods:  electro-physiology  is  a  science  of  experi- 
ment ;  electro-therapeutics  is  a  science  of  experience. 

EhctrO'^/tysioh^y  largeiy  Studkd  by  Mxpcr  iments  &n  ike  Lhing  Hu- 
man Subject,- — An  advantage  of  great  import  to  electro-physiology,  and 
one  that  especially  commends  it  to  ihe  electro-iherapeutist,  is  that  it  is 
largely  based  on  experiments  made  on  die  living  human  subject  True 
enough,  thousands  qf  frogs  have  given  up  their  lives  in  the  electro-physi- 
ological laboratory,  and  dogs  and  cats,  rabbits  and  guinea-pigs^  rats,  and 
monkeys  even»  have  been  subjected  to  electric  tests  while  living,  in  health 
and  uninjured,  while  dying,  and  when  dead ;  but  some  of  the  mos* 
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tntercsdng  and  suggestive  fihenomcna  of  this  science,  those  which  have 
ibcncare&t  practical  relation  Co  electro^therapeutics,  can  be  be^^t  sdidted 
OD  the  living  human  subjectt  and  without  injuring  the  subject  experi- 
inciitcd  on.  This  is  the  supreme  advantage  of  the  study  of  ihe 
phfsiologic^  action  of  electricity  over  the  sttidy  o(  the  physiological 
action  of  the  majority  ofdnigs.  The  objection  so  often  made  against 
experiments  n^ade  with  medicines  on  inferior  animals,  that  they  do  not 
teach  the  action  of  such  medicines  on  the  huimn  body  in  disease. 
CMunou  therefore,  apply  lo  electro-physiology,  except  to  a  limited 

Not  a  few  of  the  physiological  reactions  of  the  human  body  to  elec 
tricily  can  be  studied  while  making  therapeutical  aiiplicaiions.  The 
reaction  of  voluntary  muscles^  of  the  motor  and  sensory  nerves,  of 
»ODie  of  the  nerves  of  :^|>ecia]  sense,  to  electricity,  and  the  general  effects 
of  electricity  on  nutrition,  are  taught  us  every  lime  we  electrize  a  patient 
by  *ny  of  the  familiar  methods  of  aijplication.  Klectro-physiology  and 
electro-therapeutics  thus  go  hand  in  hand. 

The  Localizaiion  (^f  Miifirictty  in  the  Body  an  Advantai^e  in  ^udyin^ 
i/s  Physti^iogwl  Efftct. — The  drugs  with  which  we  experiment  on  ani- 
mals, in  order  to  learn  their  physiological  action,  are  usually  absorbed 
and  carried  through  the  whole  system  ;  to  confine  their  action  to  any 
part  or  member  is  )m{iossibte.  If  they  select  any  organ  on  which  lo 
expend  their  force  in  preference  to  other  parts,  it  is  by  virtue  of  their  in- 
herent affinity  for  such  organ,  and  not  from  any  [fowerin  the  experimenter 
to  confine  (hem  there.  But  electricity  can,  lo  a  certain  extent,  be  local' 
Ucd  in  a  miiscle  or  nerve,  or  in  some  special  organ  ;  thus  its  efftcls  can 
be  studied  with  greater  precision  and  certainty  than  ihe  effects  of  drugs 
'  ttemaJly  administered.  Thus  the  physiological  action  of  electricity  has 
a  specially  practical  bearing  on  its  therapeutical  action. 

Animal  Rhctrtcity  is  the  EiettrkHy  that  exists  in  Animal  Bodies, 
SUetrit  J*£shes. — The  most  remarkable  display  of  animal  electricity 
appears  in  certain  varieties  of  fishes.  At  a  very  early  period  it  was 
known  that  a  certain  flat  fish  had  not  only  the  power,  when  touched,  to 
give  forth  shocks,  but  could  impart  to  other  bodies,  for  some  di^^tance 
through  the  water,  a  benumbing  influence.  This  phenomenon  was  first 
proved  by  actual  experim<-'nt  to  be  of  an  electrical  nature  as  early  as 
1 J73  ;  and  soon  after,  by  means  of  a  number  of  Lcyden  jars,  connect- 
ing with  a  disk  of  leather  or  wood,  either  side  of  which  was  covered  by 
tinfoil^  an  artificial  torpedo  was  constructed.  The  subject  of  animal 
electricity  is  one  of  great  scientiiic  interest,  and  may  in  lime  become 
of  direct  practical  value  to  eiectro-therapeutics.    This  peculiar  powei 
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IS  possessed  only  by  a  stnaU  number  of  fishes,  the  best  known  of  wliich 
are  the  torpeda  or  ehciric  ray\  tiie  ^ymnotus  or  eUctrie  and  the 
tUctric  shad. 

This  development  of  electricity  does  not  take  place  in  all  parls  of 
the  fish,  but  is  contined  Co  a  peculiar  expansion  of  the  nervous  system, 
called  ihe  electrical  organ.  The  nerves  constituting  the  electrical  or* 
gans  of  the  torpedo  and  gymnotus  are  of  great  size.  Those  of  the  for- 
tner  consist  of  three  principal  tnmks,  and  arise  from  the  cerebro-spinal 
system  ;  while  the  nerves  composing  the  electrical  organs  of  the  latter 
are  derived  from  the  spinal  cord  alone.  As  stated  above,  the  phenom- 
ena produced  by  these  fishes  are  similar  to  those  which  arc  obtained 
from  electricity  that  is  artificially  generated. 

If  electric  fishes  are  touched  with  the  hand,  a  shock  is  percetved^  while 
if  glass,  resin,  or  any  other  non-conductor  is  intervened,  no  eflfcct  is 
produced 

Sparks  may  be  drawn  from  them  in  the  same  way  that  they  are  drawn 
from  other  bodies  that  are  artificially  charged  with  clectricit)'.  The 
current  obtained  from  them  will  magnetize  steel  needles,  decompose 
water,  and  if  the  needle  of  a  galvanometer  be  brought  into  the  circuit  it 
will  immediately  snffer  deflection,  so  that  the  direction  of  tlie  current 
may  be  readily  determined. 

The  electric  force  of  the  fish  is  much  weakened  after  it  has  exerted 
its  power  a  number  of  limes  in  quick  succession,  and  it  requires  rest 
and  nourishment  to  enable  ti  to  recover  its  normal  vigor. 

History  of  the  Discovery  af  Efe^^trinty  in  tJu  B(^dy  of  Man  and  cihef 
Animals. — We  have  already  seen  ( tlectro -Physics,  p.  4S)  that  Galvani 
discovered  in  17SG  that  muscular  contraction  follows  the  contact  of  the 
nerves  and  muscles  of  a  frog  wiih  a  heterogeneous  merallic  arc.  From 
this  observation,  and  from  subsequent  stiidy  of  the  subject,  GalvanS  was 
inclined  to  believe  and  to  declare  that  in  the  tissues  of  animals  there 
exists  a  special  independent  electricitj*,  which  he  called  animal  eUc- 
trUity.  Although  Galvani*s  conclusions  were,  as  we  now  know,  not  en- 
tirely logical,  yet  he  stumbled  on  an  important  discovery  that  was  des- 
tined to  be  demonstmted  and  coniirnTeil  by  other  and  later  observers. 

There  is  such  a  force  as  animal  electricity^  but  the  experiments  of 
Galvani  are  explained  by  contact  of  dissimilar  substances  and  by  the 
chemical  action  of  the  fluids  of  the  body  on  the  metals,  and  not  by  the 
electricity  of  the  body, 

V&lta's  J? f  searches  have  already  been  given  in  EWctro-Phy^ics  (p.  50). 

J/uffthoIdfs  Jifsearches. — In  1 799  Humboldt  published  a  work  contain- 
ing the  result  of  niany  and  curious  experiments,  the  object  of  which  was 
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to  s>how  that  both  VoUa  and  Galvari  were  right  and  loth  wrong;  thai 
there  was  such  a  thing  as  aniirial  electricity  ;  that  GaWani  was  tn  ^rror 
in  rrgarding  it  as  die  only  form  of  electricity  that  appeared  in  his  ex> 
prrimrnts ;  and  that  \''olta  was  in  error  in  refusing  to  admit  its  exist- 
ence. 

AldirtPs  nnd  NohU^s  Researches. — In  i3oj  a  nephew  of  Gatvani, 
Atdini,  published  experiraents  that  went  to  demonstrate  the  existence 
of  animal  electricity.  The  voltaic  pile,  however,  was  a  stronger  ar^- 
mcnt  against  the  existence  of  animal  electricity  than  any  experiments 
could  be  in  its  favor,  and  for  these  reasons  animal  electricity  was  for- 
gotten. 

In  1827  Nobili,  having  constructed  a  very  sensitive  galvanomc 
ter,  was  enabledj  as  he  supposed^  to  detect,  without  doubt,  the  exist 
cocc  of  an  electric  current  in  the  frog.  He  observed  that  wheo  the 
needle  was  placed  in  the  circuit  it  deviated  some  30*. 

Mestarches  of  Maiteueci  and  Du  Bois-Rtymond.^K  few  years  siibse- 
qucntly^  Matteucci  turned  his  attention  to  this  subject but  it  was  re- 
served for  Du  Bois-Rcymond  to  investigate  most  clearly  and  most 
fuUy,  if  not  most  conclusively,  the  electric  properties  of  the  nerves  and 

By  these  two  observers  it  is  believed  ro  have  been  shown,  1st.  That 
Tr«cnls  in  every  respect  like  the  frog-current  of  Nobili,  are  not  peculiar 
to  the  frog,  but  are  inherent  in  all  animals,  wann  and  cold  blooded— 
m  toads,  salamanders,  fresh-water  crabs,  adders^  lizards,  glow-worms, 
axid  tortoises,  as  well  as  rabbits,  guinea-pigs,  mice,  pigeonSj  and  spar- 
tows,    (Du  Bois-Rcymond.) 

ad.  Thai  currents  are  found  in  nerves  as  well  as  muscles,  atid  that 
both  are  subject  to  the  same  laws,    (Du  Bois-Reymond.) 

3d.  Tliat  the  current  usually  observed  is  a  muscular  current  that  is 
produced  by  the  muscles,  the  nerves  acting  only  as  inactive  conduc 
low.    (Da  Bois-Reymond.) 

4tb.  That  this  ruuscular  current  may  be  upward  or  downward,  and 
that  the  current  of  the  whole  limb  is  the  resultant  of  the  partial  cur- 
rents of  each  muscle.    (Du  Bois-Reymond. ) 

5th.  That  these  currenis  do  not  depend  on  the  contact  of  hete- 
rogeneous tissues,  as  Volta  had  believed,  for  the  nerves,  muscIeSi  and 
tendons  in  their  electrical  relations  are  homogeneous.  (Du  Bois-Rey- 
moDd.) 

6th.  That  electricity  is  found  not  only  in  the  muscles  and  nerves, 
bot  also  in  the  brain,  spinal  cord^  and  sympathetic — in  motor,  sensory,  and 
miaced  nerves — In  a  minute  section  as  well  as  in  a  large  mass  of  nervous 
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substances — ^in  a  small  fibril  as  well  as  in  a  large  muscle — in  tlie  skb\ 
*t>leen,  testicles,  kidneys,  liver,  lungs,  and  tendons ;  but  not  in  fascia:, 
sheaths  of  nerves,  and  sinews. 

7  th,  That  animal  electricity  is  capable  of  decomposing  iodide  o( 
potassium,  and  of  deflecting  the  needle  of  the  galvanometer,  (Mat 
teucci,) 

8th.  In  the  muscles  and  nerves  electricity  is  in  the  conditiOD  of  a 
eioscd  circuit 

9th.  That  contraction  of  muscle  is  accompanied  by  an  dcctric  dis* 
chargt  resernbling  that  of  a  torpedo*  (Matteucci.) 

It  was  the  perusal  of  the  essay  of  Matteucci  that  inspired  Du  Bois< 
Reymond  to  undertake  those  magnificent  researches  that  have  given 
him  a  name  and  a  fame  in  the  realm  of  electrology* 

He  devised  special  a])paratiises  for  his  researches,  &nd  handled  them 
with  great  skill  and  patience. 

Even  if  many  of  the  conclusions  presented  arc  erroneous,  they  are 
none  the  less  interesting  suggestionSt  and  have  prepared  the  way  for 
those  who  are  now  earnestly  seeking  to  discredit  his  experiments  and 
disprove  his  statements. 

The  above  conclusions  of  Dii  Bois-Reymond  were  derived  from  ex- 
periments on  the  nerves  of  frogs,  but  electricity  is  not  confined  to  the 
lower  forms  of  life,  either  dead  or  dying, 

EUc/riciiy  in  the  Living  Man,- — In  the  living  man  it  is  believed 
that  cutaneous  currents  are  found.  The  hand  is  negative  to  the  elbow, 
and  the  palm  of  the  hand  is  ne^tive  to  the  back.  The  foot  is  negative 
to  the  chest,  and  the  sole  of  the  foot  is  negative  to  the  back.  The  elbow 
is  slightly  positive  to  the  chest,  and  the  hand  is  sometimes  negative  to 
the  foot,  and  sometimes  the  reverse. 

These  cutaneous  currents  are  qwite  strong  and  uniform.  They  are 
to  be  distinguished  from  the  thermo-electric  currents  that  are  observed 
when  two  svm  metrical  parts  are  heated. 

A  finger  at  the  temperature  of  32*  is  positive  to  one  at  90°,  and  a 
finger  at  60°  is  feebly  positive  to  one  at  80*  and  strongly  positive  to 
one  at  lS^J^  The  cutaneous  currents  are  also  to  be  distinguished  from 
currents  that  arise  from  dissimilar  immersion,  dissimilar  sweating  and 
shielding  of  the  body. 

Currents  of  electricity  have  been  found  in  the  urethra  and  bladdei 
of  the  rabbit,  tht^  intestines^  die  spleen,  the  testicles,  the  tendons,  and 
the  oviduct  of  tlie  frogi  and  the  trts  of  birds. 

All  these  currcuts  resemble  the  ordinary  muscular  currents,  in  thai 
the  outer  and  inner  surfaces  have  apposite  electricities^ 
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The  currents  of  the  nerves  and  muscles  are  very  much  stronger  I  mn 
those  of  other  tissues,* 

Dr.  C  B.  KadcUffe  takes  a  radically  different  view  of  anliual  elec 
tricity.     His  conclusions,  briefly  summarized,  are  as  follows  : 

I,  The  sheaths  of  the  hbres  of  nerve  and  muscle  during  r<si  are 
charged  with  electricity  like  Leyden  jars.  He  believes  it  probable, 
though  not  entirely  dernonstrable,  that  the  sheaths  of  the  fibres  con< 
duct  clectricily  so  feebly  that  they  are  practically  non-conductors  Eind 
arc  dielectric 

ThU  charge  is  brought  about  by  the  developtneutof  electricity,  eithec 
positive  or  negative,  through  oxidation,  or  some  form  of  chemical  action, 
on  the  outside  of  the  sheaths  of  the  fibres,  which  electricity  induces 
through  the  di-clcctric  sheath,  an  opposite  electricity  from  the  inside  of 
the  sheaths,  after  the  manner  of  the  Leyden  jar.  Electricity  which  exists 
in  the  nerves  and  muscles  during  rest  is  io  a  staticaJ  condition,  and  not 
in  dynamic  or  current  state, 

TTic  nerve-current  and  mtiscle-current  are  purely  incidental  phenom- 
ena, resulting  from  applying  the  electrodes  to  points  of  unequal  elec- 
tric tension. 

a.  That  the  passage  of  a  nerve  or  muscle  from  a  state  of  rest  to  a  state 
of  action  is  accompanied  by  a  discharge  similar  to  that  of  a  torpedo. 
"ITie  arguments  in  favor  of  this  view  are,  that  the  anatomical  and  physio- 
bgica]  apparatus  of  the  torpedo  closely  resembles  the  muscular  appara- 
tus of  all  animals ;  that  the  nerve-current  nearly  disappears  from  the 
nerve,  and  the  muscle-current  froni  the  muscle,  when  nerve  and  muscle 
pass  from  rest  into  acdon  ;  and,  finally,  that  the  phenomena  of  induced 
or  secondary  contraction  cannot  otherwise  he  explained. 

This  dischaj^e  takes  place  between  tlie  sheaths  of  the  fibres,  which  are 
very  elastic,  and  are  capable  of  being  elongated  during  rest  by  the  mu- 
tual attraction  of  the  opposite  electricities  with  which  they  are  charged. 

^  That  when  a  nerve  or  muscle  passes  from  action  to  rest  it  resumej 
its  condition  of  charge.  Elongation,  therefore,  is  the  result  of  charge, 
and  contraction  of  discharge. 
ThU  point  is  illustrated  by  the  following  experiment : 
A  narrow  band  of  rubber  ts  wound  on  both  surfaces  very  near  the  edge 
with  gold  leaf,  so  that  it  can  be  charged  or  discharged  with  electricity 
hke  a  Leyden  jar.  By  a  simple  arraugement  of  a  grooved  wheel  and  an 
apparatus  that  multiplies  and  records  the  movements,  it  can  be  shown 
that  when  the  band  is  charged  by  a  few  turns  of  a  frictional  machine,  it 
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elongates,  and  when  the  charge  is  discharged  it  contracts.  It  is  belicvec 
that  the  muscle  behaves  in  precisely  this  m  inner.  If  nerves  are  noi 
affected  in  the  same  way,  it  is  because  their  fibres  are  not  sulHcicnll^ 
elastic. 

4.  That  the  blood  keeps  up  the  natural  charge  of  electricity  in  nerve 
and  muscle. 

The  acceptance  of  this  view  explains  many  interesting  facts  in 
pathology.  It  explains  ihe  fact  lhat  diseases  that  are  accompanied  by 
a  deficiency  in  the  nerve-currents,  as  neuralgia,  spinal  irritation^  hysteria, 
tetanus,  epilepsy,  usually  manifest  themselves  by  morbid  activity,  by 
iDcreased  and  unnatural  movements  of  muscles  and  nerves. 

Active  inrtannmations,  when  there  h  increase  of  blood,  are  not  usually 
accompanied  by  excessive  muscular  or  nervous  action. 

Apparatus  for  Studying  Animai EUctrtcity. — In  a  practical  work  of 
this  kind  it  is  not  necessary  nor  proper  to  enter  into  elaborate  detail 
of  all  the  cKperimental  premises  by  which  Matteucci,  Du  Bois-Rey- 
mond,  Piluger,  and  others  have  made  their  discoveries,  A  very  brief 
description  of  the  apparatus  of  Du  Bois-Reymond  may  possibly  be  of 
interest. 

He  employed  a  very  delicate  galvanometer,  the  distinctive  fea- 
tures of  which  were,  firsty  the  astatic  needles  were  constructed  and 
arranged  with  great  care  ;  and,  stcondly^  the  wire  around  them  was  very 
long,  and  of  from  4,000  to  24,000  convolutions,  A  multiplier  of  thia 
sort  Will  indicate  the  presence  of  exceedingly  feeble  currents.  The 
wires  of  the  multiplier  are  connected  with  carefully  cleaned  and  pre- 
pared flat  new  plates  dipped  in  vessels  of  yinc,  containing  sulphatf*  nf 
^inc  to  prevent  polarisation.  Two  cushions,  as  they  are  called, 
made  of  layers  of  blotting-paper  soaked  in  a  solution  of  sulphate  of 
zincj  are  laid  in  the  edge  of  each  vessel,  with  their  ends  in  the  liquid. 
The  whole  is  enclosed  in  a  moist  chamber.  In  order  to  protect  any 
tissue,  it  is  placed  in  connection  with  the  two  cushions  in  various  posi- 
tions ;  then,  if  there  be  any  current,  the  deflection  is  seen  in  the  needle 
of  the  multiplier.  , 

When  two  symmetrical  parts  of  the  longitudinal  or  transverse  section 
of  a  nerve  are  applied  to  the  cushions,  no  deflection  is  seen  ;  when  two 
dissymmetrical  parts  of  the  longitudinal  section  are  placed  on  the 
cushions,  the  needle  deflects  6°  or  7"^.  When  the  longitudinal  secHon 
of  the  nerve  on  one  side  touches  one  cushion,  and  the  transverse  sec- 
tion touches  the  other  side,  the  needle  deflects  ig**  to  jo°. 

Instead  of  the  galvanometer  muUiplieT  we  may  use  the  rheoscopie 
frog,  which  may  give  some  resuhs  •.  but  it  has  the  disadvantage  lhat  \\ 
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IcMCS  Its  Irritability,  and  that  it  contracts  only  when  the  t  utrcnt  is 
closed  OT  broken. 

£xpcriin£itts  of  Trowbridgt* — W«  have  given  a  full  and  varied  pre 
seoiation  of  the  leading  conclusions  of  Du  Bois-Reymond  and  others. 
WDd  have  described,  in  a  very  general  ^'ay^  ihe  best  method  of  perform- 
tng  the  experiments  on  which  his  conclusions  are  based. 

We  have  done  this  in  justice  to  a  name  that  is  greatly  honored  in 
science,  in  justice  to  the  name  that  has  made  an  era  in  physiology,  and 
to  prepare  the  student  for  an  intelligent  understanding  of  the  experi- 
ments that  seem  to  overthrow  these  views  of  Du  Bois-Reymond  that 
have  been  so  widely  accepted. 

It  bas  always  appeared  to  us  that  in  the  experiments  of  all  electro- 
physiologists,  tlie  later  as  well  as  the  earlier  school,  there  were  chances 
for  great  error,  and  have  been  surprised  that  their  conclusions  have 
been  accepted  with  so  little  reservation. 

Bearing  in  mind  that  all  chemical  action,  however  slight,  is  probably 
accompanied  by  the  generation  of  electricity,  it  is  surely  not  irrational 
to  suspect  that  tlie  conclusions  from  careful  experiLnents  of  Du  Bois- 
Reymond  and  others  might  be  in  some,  if  not  in  all  cases,  modified  by 
(h^mual action  between  the  animal  tissues  and  the  cushions  of  the  gal- 
vanometer, however  skilfully  thes^e  were  protected. 

Among  the  physicists  at  least,  the  theories  ofDu  Bois-Reymond  have 
been,  on  the  whole,  losing  ground  during  the  past  ten  years,  and  pro- 
bably on  account  of  the  considerations  that  are  above  presented. 

Prof,  John  Trowbridge,  of  Harvard  College,  bas  recently  made  a 
series  of  researches  that  strra  to  cast  grave  doubts  on  the  interesting 
and  hitherto  accepted  conclusions  of  Du  Bois-Reymond  in  regard  to 
anima)  electricity. 

This  physicist,  starting  out  on  the  face  of  the  accepted  fact  ihai 
fwc  liquids  of  dissimiiar  chemical  character^  separated  by  a  parous 
fartiHen^  ^ve  rise  to  a  lurrtnt  of  ilettriciiy^  has  made  experiments 
with  an  apparatus  similar  to  that  employed  by  Du  Bois-Reymond  in 
hii  researches  on  animal  electricity.  Instead,  however,  of  placing  a 
piece  of  muscle  or  nerve  on  the  cushions*  he  used  a  series  of  arttfieial 
muscUt,  These  artificial  muscles  were  made  of  glass-tubes  covered  by 
porous  paiinions,  and  filled  with  the  different  liquids,  such  aa — 
Undistilled  water. 

Weak  solution  of  salt  in  distilled  watery 
Solution  of  dilTerent  salts  of  iron^ 
Bloo4 

Acidulated  water. 
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Placing  the  artificial  muscle  tlivis  prepared  in  tlie  position  where  the 
natural  muscle  h  placed  in  Du  Bois  Reymond's  ejtpenments,  he  found 
Lbiit  each  litjuitl  raused  a  d^fleciion  of  the  needle  oj  the  galvanometer. 

There  Is  no'  question,  in  the  opinion  of  Prof.  Trowbridge,  that  the 
cuirents  that  caused  these  defections  of  the  aeedle  arose  from  ti.o 
actions  &f  the  Jlmds  in  the  tubes  ofi  the  saline  solution  of  the  cushion  and 
the  protecting  guard.  TKis  view  is  confirmed  by  the  fact  that  when 
the  artificial  muscles  were,  filled  with  distilled  water,  there  was  no  dc- 
tiection  of  the  needle  observed  ;  but  when  undistiUcd  water  or  the 
other  fluids  men  tioiied  were  used,  the  needle  of  the  galvanometer  de- 
flected so  far  as  in  some  cases  to  throw  the  spot  of  light  off  the  scale.* 
Prof.  Trowbridge  exercised  the  same  ]3recautions  as  are  found  necessary 
by  electro-phy&iologists  in  obtaining  the  so-called  njuscular  currents^ 
He  argues  that  the  behavior  of  the  artificial  muscle  must  he  similar  to 
lh_it  of  a  natural  muscle  placed  on  the  cushions  ;  and  he  states  further, 
that  wlien  we  use  the  nattiral  muscle,  containing  fresh  and  chemically 
active  blood,  separated  by  its  sheath  from  the  clay  guards  of  the  cusliions, 
iin  electrieai  action  must  take  place  between  the  fuids  of  the  muscle  and 
rke  saline  solutions  in  the  connecting  apparatus^  which  aetim  cannt^ 
%vdl  be  distmguished  frmn  the  so-calkd  muscular  current,] 

In  order  to  avoid  every  possible  source  of  error  in  the^e  experi- 
ments, Prof,  Trowbridge  not  only  tried  distilled  water  in  the  ariiftcial 
muscles,  instead  of  undistilled  water  and  the  dillerent  solutions,  but  also 
tried  the  mere  contact  of  the  bladder  membrane-partition  without  any 
fluid,  and  in  neither  case  was  any  current  produced.  He  eniploycd  x 
vessel  shaped  like  the  letter  U,  opened  at  the  bend,  and  covered  at  the 
ends  by  a  membrane.  Into  the  two  limbs  of  the  tube  he  injected 
fluids  of  different  kinds.  When  the  vessel  was  filled  with  a  fluid  that 
was  homogeneous,  and  the  ends  of  the  tube  brought  in  contact  with 
the  cushions,  the  needle  of  the  galvanometer  was  deflected.  VVhen  the 
points  of  contact  were  reversedi  the  direction  of  the  needle  was  rC' 
versed.  That  mere  contact  of  the  tube  with  the  cushions  did  not  cause 
the  deflection  of  the  needle,  was  shown  by  the  fact  that  when  no  fluids 
were  in  the  tube  there  was  no  deflection.  That  the  direction  of  the 
current  was  through  the  U-shaped  tube,  and  not  from  its  extremities  to 
the  galvanometer  and  back,  was  proved  by  the  fact  that  when  the 
section  of  one  of  the  limbs  of  the  U-shaped  tube  was  constricted,  the 

*  Thomioii's  reflecting  galivAnonieCer  uvd  new  quadnuil-d^troiactcr  were  tued  in 
these  experiments. 

f  On  the  Eleclro^tnotive  Aclion  of  Liquids  separated  t>y  Blcmbr«n«.  Amirkam 
faitrnai  if  Science  and  Arts„  vol,  iii.,  May,  iSji. 
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deflection  of  the  needle  was  reduced,  and  when  the  corjitriction  waj 
complete  there  vras  no  deflection. 

The  conclusion  to  which  Prof.  Trowbridge  arrives  from  these  ex* 
penments,  which  have  been  repeated  at  various  tiniest  is,  *'  that  when  tkt 
cushions  of  the  galvanometer  are  connecied  by  a  membranous  sac  c&n^ 
taining  fltddsy  or  animal  tissue  saturated  with  fluids  an  endasmotic  acti<m 
takes  place^  aieompamed  by  galvanic  action;  and  that  this  gal  vante 
acH&n  is  determined  by  the  difference  of  tnd&sm&Hc  action  at  various 
feints  of  the  enclosing  membrane**  * 

When,  therefore,  a  muscle  is  placed  on  the  cushions  of  the  galvanom- 
eter, its  transverse  section  on  one  pad  and  its  longitudinal  section 
on  the  other,  endosmose  takes  place,  which  is  different  at  different 
points,  and  the  galvanic  current  that  appears  is  probably  caused  by 
this  dififerenct;  of  endosmotic  action  and  not  by  the  so-called  musculai 
current-  Th(;a  granting  that  a  muscular  current  exists,  it  nnist  suffer 
imi>orta»t  modifications  in  strength  and  direction  through  this  endos- 
Diollc  action.  If  (he  muscular  current  does  not  e^vistf  this  endosmotic 
Miiartt  with  the  accmnpanying  galvanic  aeiion^  will  account  for  the  de* 
flection  of  the  needle  of  tht  galvanQmeter  that  had  been  supposed  to  bt 
due  t&  the  muscular  current. 

In  a  letter  received  by  Dr,  Beard  from  Prof-  Trowbridge,  under  date 
March  28,  1873,  nearly  one  year  later  than  the  date  of  the  pubtication  of 
the  researches  of  which  the  above  is  an  abstract,  he  ?ays  that  "later 
cxperiraents  have  convinced  me  that  there  are  no  such  currents  as  mus- 
cular currents,  properly  so  called.  1  ihmk  that  the  phenomena  noticed 
bv  Du  Bois-Reymond  arise  from  differences  in  the  chemical  nature  of 
different  portions  of  the  muscle,  Du  Bots  Reymond  contends  that 
such  chemioai  difference  does  not  exist,  and  that  the  tissue  is  homo- 
geneous from  a  chemical  point  of  view.  It  must  be  remembered, 
however,  iliat  a  delicate  galvanometer  can  detect  differences  in  chemi- 
cal composition  which  cannot  be  detected  except  by  the  most  refined 
ao^ysis,  X  should  therefore  make  my  assertions  stronger  than  1  have 
done,  in  the  accompanying  papers,  in  view  of  subsequent  experiment,*' 

Prof.  Trowbridge  has  also  made  experiments  that  seem  to  cast  grave 
doubts  on  the  coriclusions  of  Du  Bois-Reyinond  in  regard  to  electrical 
currents  \n  the  arms,  Du  liois*Reymond  in  his  experiment  connects 
the  terminals  of  a  galvanometer  in  separate  vessels  by  a  siphon-tube 
containing  the  same  liquid  as  the  vessel.  The  ends  of  the  tube  arc 
covered  with  a  porous  preparation, 

•  Proceedings  of  the  American  Acajdemy  of  Arts  and  Sciences^  January  9,  187a. 
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Placing  a  forefinger  in  each  vessel  and  violently  contrarting  the 
wm,  he  observed  that  the  needle  of  the  galvanometer  was  deflected  ;  on 
contracting  the  other  arm,  the  needle  deflected  in  the  opposite  direc- 
tion. Dli  Btiis  Reyiiiynd  explained  this  phenomena  by  the  theory 
that  electrical  currents  circulate  in  the  arm  distinct  from  and  co-exi&t* 
ing  with  the  muscular  and  nerve-currenls-  It  is  not  difficult  to  con- 
ceive that  in  an  experiment  of  this  kind  there  would  be  chances  for 
error  sufficient  lo  make  us  very  cautious  in  accepting  any  immediate 
conclusions  in  regard  to  it  In  order  to  test  the  validity  of  this  con- 
clusion, Prof.  Trowbridge  prepared  a  vessel  with  two  limbs,  which  he 
substituted  for  the  human  finger,  Du  Bois-Reymond's  experiment- 
vessel  was  filled  ^Wlh  a  solution  of  salt,  and  the  end  of  the  hmbs  was 
covered  with  prepared  membrane.  The  resistance  of  the  circuit 
through  both  limbs  and  the  vessel  was  about  that  of  the  human  body 
from  the  foreftnger  of  one  hand  to  the  forefinger  of  the  other— tliat  is, 
about  seven  or  eight  times  the  resistance  of  the  Atlantic  cable.  The 
ends  of  the  limbs  or  tubes  were  imiuersed  in  the  fluid  of  the  vessel  con- 
nected with  the  galvanometer*  As  soon  as  they  touched  the  liquid, 
the  needle  of  the  galvanometer  was  deflected,  and  on  reversing  the 
limbs  the  needle  was  deflected  in  the  opposite  direction. 

When  the  flexible  portion  of  one  of  the  limbs  was  pinched  so  as  to 
diminish  the  diameter,  the  deflection  was  also  diminished.  When  a 
trifling  change  was  made  in  the  chemuat  cliaracttr  of  the  fluids  in  the 
tw&  limbs^  and  one  of  the  limbs  was  slightly  contracted^  th^  direciwn  cf 
the  needle  was  reversed. 

Prof.  Trowbridge  is  disposed  to  believe  that  the  deflection  of  the 
needle  caused  by  the  contraction  of  the  muscles  of  the  arm,  "is  pro- 
duced either  by  the  temperature  or  by  the  change  in  the  flow  of  the 
blood/*  U  has  been  established,  that  the  electro-motive  force  between 
venous  and  arterial  blood  is  about  one-thirtieth  that  of  a  Daniell's 
cell ;  and  as  muscular  contractions  change  the  chemical  character  of 
the  blood,  and  as  by  very  slight  chemical  difference  between  two  fluids 
separated  by  a  membrane,  like  the  skin,  is  sufficient  to  create  a  gal- 
ranic  current,  it  is  not  improbable  that  the  conclusion  of  Du  Bois- 
Reymond  in  regard  to  the  existence  of  a  separate  electrical  current 
tn  the  aim  Is  erroneonv 
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HJECtROTOKOS,  ANELECTROTONOS,  AtW  CATKtZCrRJTO^OS, 

BUetrift6tm  u  thi  peculiar  modifiiaiioH  4ff  irritabiliiy  tliat  ntn  a 
Oftti  muuffS  undttga  when  acisd  upon  by  a  gahanic  current 

While  ihe  nerve  is  in  the  electrotonic  state,  thai  part  of  it  not  in- 
eluded  between  the  poles  will  deflect  the  needle  of  a  delicate  galvano- 
meter ;  and  thit  the  deflection  then  caused  is  not  due  to  the  natural 
nerve-current,  is  proved  by  the  fact  that  it  appears  when  only  the  sur- 
f&ce  of  the  nerve  is  connected  with  the  galvanometer.  It  is  therefore 
the  electric  condition  of  the  nerve  caused  by  the  passage  of  the  current 
through  it  that  deflects  the  needle.  The  electrotonic  condition  not  only 
Tcmain^  so  long  x%  the  galvanic  current  continues  to  pass,  but,  if  the 
current  be  suthciently  powerful,  it  remains  for  a  limited  time  after  the 
current  ceases  to  pass. 

The  electroionos  is  more  noticed  the  larger  the  extent  of  nerve 
acted  ufjoUf  provided  the  current  be  sufficiently  increased  to  overcome 
the  increased  resistance. 

In  nerves  ttiat  are  dead,  or  have  lost  their  inntability,  electrotonoa 
cannot  be  excited  at  all,  or  only  feebly,  and  the  sainc  is  true  when  tht 
nerve  is  cut  across  or  tightly  bound  with  a  ligature. 

The  change  in  the  nerve-current  depends  on  the  direction  of  the 
g&lvanic  current.  When  tiie  galvanic  current  flows  in  the  same  direc 
don  with  the  ner^'e-current,  the  strength  of  the  nerve-current  is  in- 
crcaseil  ;  when  the  galvanic  current  Hows  in  a  contrary  direction,  the 
strength  of  the  nerve-current  is  diminished. 

Electrotonos  is  greater  when  the  galvanic  current  flows  lengthivise 
than  when  it  flows  across  the  nerve.  It  increases,  within  certain  limits, 
with  the  increase  in  the  intensity  of  the  current. 

MoUciilar  Theory  of  AmlcctrQionos, — Du  Bois-Reymond  has  sug« 
gested  a  theory  to  account  for  the  phenomena  of  electrotonos,  which 
hfts  bcr<n  generally  accepted.  It  is  analogous  to  the  theory  of  mag- 
netism suggested  by  Coulomb,  He  supposes  that  muscles  and  nerves 
consist  of  electric  molecules,  which  have  one  positive  equatorial  zone 
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and  two  negative  polar  zones,  whose  axes  are  parallel  to  each  other; 
that  is,  two  molecules  make  one  molecnle.  This  is  called  the  pcri-polaf 
arrangement.  In  a  magnet,  each  individual  molecule  manifests  ihc 
same  phenomena  as  the  entire  magnet  r  each  molecule  is  indeed  a 
magnet  in  miniature.  In  like  tmanner,  each  molecule  of  the  nerve  oi 
muscle  manifests  the  same  phenomena  as  the  entire  nerve  or  muscle. 
These  peri  polar  molecules  are  enclosed  by  a  moist  covering. 

Du  Bois-Re)*mond  further  supposes  that  each  peri-polar  molecule 
may  be  divided  into  a  group  of  dipolar  molecules — where  the  po^iitive 
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Fig.  32. 

Pefi'polar  Arrangement  of  Elect ro-motor  Molcctilei 
L  S — Longitudinal  Section.  T  S— Transverse  Section, 

P — PariClectronomic  Layer. 

hemispheres  are  turned  toward  each  other — without  changing  theii 
electrical  i>ro|3erties.  This  is  called  the  di-poJar  arrangement.  If  a 
number  jf  such  molecules  are  brought  imder  the  influence  of  a  galvanic 
current,  their  ]>ositive  zones  will  turn  toward  the  negative  pole,  and  the 
negative  toward  the  positive  ;  one  of  the  molecules  (3}  lurriing  iSo** 
on  its  axis.  The  arrangement  will  be  as  above.  From  its  resemblance 
to  the  voltaic  pile  it  is  called  the  pile-like  arrangement. 

Th:s  piledike  arrangement  of  the  molecules  not  only  takes  place 
between  the  electrodes,  but  also  beyond  them  into  the  extra-polar 
region. 

Du  Bois-Reymond  has  illustrated  these  phenomena  on  molecules 
made  of  zinc  and  copper. 

From  these  experiments  Du  Bois-Reymond  concluded,  first,  that  lh« 
nerve  is  always  in  the  condition  of  a  closed  circuit,  since  electric  cur- 
rents are  produced  by  the  connection  of  layers  surrounding  the  mole- 
cules with  their  molecules ;  and  secondly,  that  the  current  obtained 
from  an  animal,  as  indicated  by  the  galvanometer,  is  only  a  small  por 
rion  of  (he  entire  ciirrent. 
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rhe  galvanic  current  that  produces  the  electrotonic  condition  is  called 
Uie  f>4}iarizing  ciinenc.  The  portion  between  ihe  poles  is  called  ttUra- 
p^lar ;  bej'Oiid  and  outside  of  the  poles,  exira polar.  Electrotonos  is 
ascending  when  it  proceeds  from  the  muscle  to  the  nerve ;  descending 
when  it  proceeds  from  die  nerve  to  the  muscle* 

Anfki'frotonos  and  CaltUctrotonos, — AneUctrMmos  is  a  condiiion  of 
diminkkid  irritabihiy  which  takes  place  ai  ikt  posiiive  electrode-  CetU- 
itttrcionos  is  a  condihon  nf  increased  irritability  which  takes  place  attht 
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L  S — Longityflinal  Section.  T  — TraAftverK  Sectiob. 

I,  Pen-poUf  arrajt^ement  of  dectro-Dwtt^r  molecule 
%.  Di  poliLr  UT&ngeraent  ordectro'motor  molecules. 

3.  Pilic-like  UTUigement  of  electro^inotor  molecules,  caused  by  tbc  u:tion  o( 
the  galvanic  current. 

n€gativi  ^kctrcde.  At  sotue  point  between  the  electrodes  the  irritability 
of  the  nerve  is  unchanged.  The  conditions  of  anelectrotonos  and 
catelectrotono*  are  found  not  only  between  the  poles,  but  also  in  the 
other  portions  of  the  nerve,  in  the  extra-polar  portion. 

The  portion  between  the  poles  and  near,  the  negative  pole*  togethei 
irjfh  the  portion  beyond  the  negative  pole,  is  in  a  state  of  catelectro- 
tcnos,  with  increased  irritability.  The  portion  between  the  poles  and 
near  the  positive  pole,  together  with  the  portion  beyond  the  positive 
pole^  is  in  a  state  of  anelectrotonos,  with  diminished  ixritabillty. 

The  extra-polar  catelectrotonos  depends  on  the  length  of  the  nerve  be 
tween  the  poles,  and  the  strength  of  the  current,  up  to  a  certain  limit 
The  strength  of  the  extra  polar  anelectrotonos  is  proportioned  to  iCf 
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distitnce  From  the  polesj  hc'iw^  greatest  near  the  intra-polar  portioa 
The  extra*polar  catelectrotonos,  boih  ascending  and  descending,  is  'n 
a  state  of  mcreased  irritability.  The  ejctra-polar  anelectrotonos,  baili 
ascending  and  descending,  is  in  a  state  of  dim-nished  irritability- 

Neutral  Point. — Between  the  poles  there  is  a  i>ciint  where  die  iniUi- 
bility  is  not  changed ;  there  anelectrotonos  meets  catelectrotonos.  This 
is  called  the  iieutral  point.  The  relative  position  of  this  depends  oo 
the  strength  of  the  polarising  current,  Where  ihe  strength  of  the  cur- 
rent is  mediunif  the  neutral  point  is  about  midway  between  the  poles. 
Where  the  current  is  weak,  the  neutral  point  is  nearer  the  positive 
pole.    Where  it  is  strong,  it  is  near  the  negative  pole. 

Negative  Variatim, — When  a  current  fri^cjuently  iiUeiruptcd  is 
applied  to  an  irritable  nerve,  it  causes  the  nerve-current  to  dimimsh  in 
strcngfht  and  finally  utterly  destroys  it.  This  fact  is  demonstrated  by 
the  galvanometer. 

The  same  phenomena  is  caused  to  a  less  degree  by  chemical  or 
mechanical  stimulation  of  nerve.  Negative  variation  has  been  explained 
by  the  theory  that  tlie  peri-polar  molecules  in  the  nerve  change  their 
arrangement,  so  that  their  electro-motor  power  is  diminished.  The  neg* 
ativc  variation  of  the  current  has  been  studied  by  Bernstein.  He  re- 
gards all  the  electric  phenomena  of  the  nerve  as  undulatory  niovemeols, 
and  has  mathematically  estimated  the  length  of  the  waves  En  nerve  ant' 
muscle.  Cyon,  in  conhrmation,  has  shown  that  ihe  degree  of  the 
variation  is  directly  proportioned  to  the  number  of  interruptions  in  the 
exciting  current. 

Effects  of  EitctrotoHos  in  Jyimtnished  Condtutivity. — The  power  of  a 
ntn^e  ta  conduct  irritability  is  mort  or  Uss  ttiodifitd  by  the  condition  of 
tlectroionffs*  The  portion  of  the  nerve  near  the  positive  pole,  which  is 
in  a  condition  of  anelecirotonosj  has  its  conductibility  diminished;  the 
portion  of  the  nerve  near  tl;e  negative  pole,  which  ts  in  a  condition  of 
catelectrotonos,  has  its  conducttbility  increased.  If  the  current  be  suf- 
ficiently strong,  the  power  of  the  nerve  to  conduct  impressions  may  be 
nearly  or  entirely  destroyed. 

Efftctt  of  EUctrot&nos  after  the  breaking  of  the  Galvanic  {pQluri^ing) 
Current, — One  of  the  effects  of  the  eleclrotonos  is  the  trriiati&n  which  it 
caused  by  the  passing  away  of  the  anelectrotonos.  This  irritation, 
which  appears  at  the  positive  pole,  is  shown  either  by  a  contraction  or 
by  a  tetanic  condition. 

Positive  Modification  and  Negative  Modificaiion*-^^Dxt  nerve  which  is 
in  a  condition  of  catelectrotonos  at  the  negative  pole  is  greatly 
niodiired  by  the  breaking  of  the  polarising  current*    Its  irritability  u 
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ihcreby  dimiriisbed  This  diiuinutiou  of  irritability  is  called  the  "  n^ga- 
tivt'  mmiificaiion"  At  the  positive  pole  in  ihecateIectrotonicregiou»  lih 
increase  of  irritability,  or posiiwe  mifdification^  appears  on  breaking  the 
current.  Tins  increase  and  diminution  of  irritability  continue  for  iiomti 
time  aiier  ihe  polarizing  current  is  broken. 

Efftci  ttf  a  Chatti^ein  ihtt  Dinctton  &f  the  Current. — Another  effect  of 
dectrotonos  is  the  change  of  irritability  which  is  caused  by  a  change  in 
tlw  direction  of  the  current.  If  a  nerve  is  subjected  for  some  time  to 
the  inliiience  of  a  galvanic  current  in  a  certain  direction,  il  loses  some 
of  its  irritability,  which  i\  regains  when  the  current  is  reversed* 

Restoration  of  Irrttabitiiy. — A  very  important  effect  of  electrotonoa 
is  a  restorarion  of  irritability  in  a  ntrve.  It  has  been  proved,  both  by 
c)c;jericnce  and  by  cxpe^iments^  that  oerve^  which  from  any  causL*  have 
lost  their  irritability  to  the  faradic  current,  sometimes  regain  It  after  an 
ajiplication  of  the  galvanic.  It  has  been  shown  by  the  experietice  of 
several  wntcrs  on  electro  therapeutics^  and  of  ourselves,  that,  in  cases 
of  para))'sis,  when  the  faradic  current  at  6rst  fails  to  produce  contrar- 
ttons,  the  applicarion  of  the  g.^lvanic  may  not  only  readily  produce  con- 
traciions,  but  may  also  produce  smh  <i  thange  in  ihe  trritatiliij  of  tht 
paralyted  parts  as  to  cause  them  to  regain  their  lost  irritability  to  tht 
faradic  currtnt.    (See  Electro-Therapeutics,) 

Eieetroionos  of  Afttscie.—X  mtiscIeA^^^  nerve,  may  be  put  in  the 
condition  of  eleclrotonos  ;  the  changes  of  irritability  that  accompany 
ihis  condition  are  confined  to  the  poilion  of  muscle  through  which 
the  current  flows.  The  subsequent  effects^  after  the  polarizing  current  is 
broken,  are  also  limited  to  the  [jortion  through  which  the  current  passes^ 

It  is  logically  probable,  also,  diat  not  only  the  motor  nerves,  but  also 
all  parts  of  the  nervous  systein — central  and  peripheral — are  cai>able  of 
exhibiting  the  phenomena  of  niodiEied  irritability  under  the  galvanic 
current. 

Theory  of  Aneleetroianos  and  Catetectroionos. — That  the  galvanic 
currenT  in  its  passage  through  the  nerve  diminishes  the  irritability  of  that 
n*rve  tn  the  region  of  the  positive  pole,  and  increases  its  irritability  in 
Ihe  region  of  the  negative  pole,  maybe  explained  by  the  purely  physical 
effects  of  the  currents  in  ilie  tissue. 

We  have  seen  that  in  electrolysis  acids  go  to  the  positive  and 
alkalies  to  the  negative  pole  ;  now  it  is  a  fact  of  physiology  that  acida 
diminish  Ihe  irritability  of  nerves,  while  alkalies  increase  it.  Anelec- 
trotonos  and  catelectrotonos  may  therefore  be  caused  by  acids  at  the 
positive  and  alkalies  at  the  negative  pole. 

This  explanation  is  rendered  probable  by  two  facts:  firsts  that 
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anelectrotonos  and  catelectrotoiios  are  not  producet!  by  the  secondaf^ 
faradic  current,  which  has  no  marked  chemical  action  ;  and  sccomilyt 
that  very  feeble  and  instaatancoiis  passages  of  the  galvanic  current  pro- 
duce electrolytic  effects. 

Pjiu^crs  Ce/iOac/ien-Zaw.^Thc  law  of  contraction,  as  derived  by 
Pfluger  from  exjierimenEs  on  the  frog,  is  thus  formulated  :  T/t^  ntrvt  is 
ixclted  hy  thtr  appearance  of  cateUctr&toms^  and  the  ihsappearanc€  of 
^neiutroionos^  but  not  by  iht  appearance  of  anekctrotoms  or  the  dis- 
appearance  af  cateiecirototios.  Tiiis  law  is  considered  of  great  scienlific 
as  well  as  practical  value, 

Rhcireioms  in  the  I^ivin^  Man. — The  subject  of  electroLonos  id  the 
living  mau  has  been  studied  by  Eulenburg,  Sanit,  Von  Behold,  Brenner, 
Erb,  l^rDckner,  Runge,  and  Filehue,  but  most  successfully  hy  Cyon. 

Cyon,*  by  a  series  of  elaborate  and  careful  experiments,  has  shown 
tliat  the  contraction-law  of  PHiiger,  as  eslablished  on  the  frog  prepara- 
tion, applies  also  to  the  living  human  subject* 

He  has  shown  tliat,  after  closing  the  circuit,  the  irritability  is  in- 
creased near  the  x^egative  pole ;  that  this  condition  of  calelectrotonos 
increases  as  the  current  runs  up  to  a  certain  point ;  that  on  breaking 
the  cvirrent  the  ncgatwe  moiiijicaiwn,  or  condition  of  dtnunished  irrita- 
bility, appears  for  a  iiioment»  and  then  disappears. 

Near  the  positive  pole,  ou  the  other  hand,  the  irritability  is  diminished 
at  and  after  closing  the  current.  On  breaking  the  current  there  is 
an  increase  of  irritability,  or modifieation^  which  appears  lobe 
greater  when  the  current  has  beeti  allowed  to  run  a  long  tiJiie. 

The  experiments  from  which  Cyon  derived  these  conclusions  were 
made  on  the  ulnar  nerve,  and  with  great  care  to  avoid  error.  It  will 
he  seen  tliat  the  results  correspond  with  the  results  of  Prtiiger's  experi* 
tnents  on  the  frog,  and  confirm  theni,  Cyon  found,  however,  that  these 
results  were  not  unifonn  in  all  persons,  but  were  modified  more  or  less 
by  temperament  and  disease. 

Praeticai  Beatings  of  the  Laws  of  Etectrctonos. — While  the  laws  of 
elecirotonoi  do  not  account  for  all  the  therapeutical  action  of  the  gal- 
vanic current,  they  are,  nt;vertheless»  of  great  vahie»  and  help  to  ex- 
plain the  practical  differences  observed  in  the  action  of  the  two  poles. 
In  a  carefully  prepared  article,  however,  by  De  Watteville^f  the  con- 
clusion is  reached  *' that  a  therapeutical  system,  built  on  the  opjiosiie 
aneleclrotonic  and  katelectrolonic  effects,  rests  upon  an  iuK^ginarv 
basis.  .  *  *  Both  are  stimulants,  if  *  stimulation'  there  be,  the  kathode 
more  than  the  anode/* 

*  Prittcipes  trEifctrothtriipie.    Paris,  1873,  p.  \yoetseq, 
\  C&itiiithHj  of  the  Unipolar  StimHlittioHt  tic,    "  Brain*"    Part  IX. 


CHAPTER  III. 


ACnOK  OF  ELECTRICITY  ON  THE  SKUf» 

In  regard  to  the  study  of  the  action  of  electricity  on  the  body  in 
beallh,  it  is  necessary  to  make  tho  prelitninary  remark  hat  many  of 
the  tr^cperiments  that  have  been  made  and  published^  and  fvidt^ly  quoted 
in  this  deparUiieiJtj  have  but  littlt:  scientific  value,  and  cannot  be  re- 
garded as  tn  any  sense  atithoritative.  The  rea:»on  for  Llic  uncertainty 
pertaining  to  the  rej^orted  exijeriments  are  manifold  ; 

I.  The  distinction  behveen  the  currents  has  not  been  observed.  Not 
only  have  the  faradic  and  the  galvanic  currents  been  constat^lly  con- 
rounded,  but  the  Kubdivisionir  of  the  faradic  current — ^the  electro  mag- 
netic and  magneto  electric — have  been  vi^uely  commingled*  Many 
obscrsers  speak  of  galvanization  when  they  mean  faradization,  and  vice 
rersiJt  and  not  a  fctv  apply  both  terms  to  the  use  of  the  same  current- 

3*  AU^utance  has  not  been  made  for  the  differential  action  of  $trm^, 
medium^  and  feeble  currents^  or  of  long  and  short  applications*  The 
diifercnce  in  ihe  physiological  effect  of  a  large  and  small  dose  of  opium, 
stJ\'chnJrie,  belladonna,  or  ergot,  or  any  other  powerful  remedy  whatso- 
ever, is  enormous.  When  a  small  doae  has  no  perceptible  efTect,  a  large 
dose  may  throw  into  profound  sleep,  or  into  violent  convulsions,  that  lead 
lo  death.  In  speaking  of  the  physiological  action  of  drugs  of  any  kind4 
ibe  dose  is  always  mentioned,  and  any  experiment  with  drug$,  on  man 
c»r  animal^  when  the  dose  is  not  known  or  mentioned,  has  little  value  in 
science.  Similarly  also  in  electro-therapeutics,  we  find  in  every-day 
experience  that  the  ditference  in  the  effects  of  a  mild  and  short,  and  a 
^vere  and  long,  application,  i^  only  the  difference  between  making  a 
patient  in&nitely  better  or  indnitely  worse. 

When,  therefore,  we  read  that  galvanization  of  the  sympathetic  or 
pneumogastric  produces  such  and  such  eHects,  we  really  get  00  precise 
knowledge  whatsoever. 

3.  The  differeniial  suseepiibility  of  man  and  animals  has  not  been  dul} 
voHiidered.  Experiments  with  electricity  performed  on  the  lower  ani 
DuJf,  as  frog^  dogS]  cats,  horses,  rabbits,  cows,  guinea-pigs,  etCj  do  ikot 
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always  afTord  a  safe  basis  for  genera  ii/atiun  in  reg  rd  to  iKc  cfftcts  of 
electncicy  on  man,  and  especially  on  man  in  a  state  of  civiliieation.  In 
thiiir  susceptibility  to  the  electrical  stinniks,  and  in  the  length  of  tiijie 
Uiat  they  retain  Uicir  irritability  after  death,  there  is  a  great  diflFcrence 
tn  animals;  be.ween  animals  and  civiHzcd  man  thib  difference  uiusi  be 
V  fjry  great* 

In  proportion  as  the  organization  of  man  is  more  complex  than  that 
of  the  lower  animals,  in  that  proportion  will  Che  physiological  reactions 
of  the  human  body  to  the  electric  cnrrenl,  or  indeed  to  any  other  in 
flnence,  be  more  complex  and  uncertain,  and  more  liable  to  deviaiiona 
Etnd  modifications  than  the  physiological  reactions  of  the  inferior  foniis 
of  life  to  which  we  are  supposed  to  be  related.  Conclusions  in  eltfcin^ 
physiology,  derived  solely  from  experiments  on  animals,  have  the  grcai 
merit  of  simplicity;  but  when  applied  to  the  far  higher  and  more  com- 
plex organization  of  man,  and  especially  of  civilized  man,  with  his  e^i* 
cessively  sensitive, sybtera  of  nerves,  they  are  apt  to  lead  into  serious 
error, 

4.  Individual  idiosyncrasies  havf  not  bttn  pf'oJ>frh  cmsidtrtd.  The 
action  of  medicines  varies  with  the  temperament  to  such  a  degree  a*  to 
make  necessary  great  caution  in  rushing  to  gencraUzations  from  ex|>e- 
rijnents  on  one  or  two  persons.  Applications  of  electricity,  faradic 
or  galvanic,  lo  the  cervical  sympathetic,  similar  in  lerigth  and  strength, 
may  cause  in  one  individual  syuiptonis  of  cerebral  congestion,  in  another 
symptoms  of  cerebral  anaemia,  and  in  another  its  effects  may  be  purely 
negative.  In  one  individua'  !he  effects  of  such  application  may  be  felt 
at  once,  in  another  an  hour  ur  two  after  the  application,  in  another  not 
until  the  foUoft  ing  day. 

There  is  a  great  difference  in  the  average  susceptibility  of  different 
nationalities  and  of  the  higher  and  lower  orders  of  society,  with  occa- 
sioual  exceptions  both  waysj  the  tough,  coarse  fibred  laboring  classes 
ftre  nr>uch  less  susceptible  to  electricity,  just  as  they  are  much  less  sits- 
cepttble  to  drug^,  than  the  delicate,  finely  organized,  brain-working 
classes. 

5.  The  aciion  of  dcdricity  m  the  body  in  heaUh  may  be  Uarned^  in 
pari  at  Uast^  by  studying  its  action  in  disease, 

"Pathology,"  Allbult  well  says,  '*is  but  the  shady  side  of  physiology," 
To  draw  the  line  precisely  where  health  ends  aiid  disease  begins,  is 
oftentimes  beyond  the  power  of  jnortai  man.  Of  tlie  deep  darkness  of 
the  niidnight-hour  any  child  is  conscious,  and  even  the  birds  discern  the 
approach  of  evening  ;  but  what  physicist  so  keen  as  to  tell  the  precise 
moment  when  the  late  afternoon  begins  to  fade  into  ttie  early  twilight? 
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U  is  bt'cavist:  physiology  and  i>athology  thus  run  Into  each  other,  thai 
ubsrr\'ations  on  pathological  slates  may  be  of  great  service  to  pliysiology. 
Exprriinifnts  made  with  electricity  on  patients  more  or  less  diseased 
liaw  Kelpedf  as  we  shall  see,  lo  solve  some  of  tlie  ]*rot)leins  of  electro 
jihysiology.  Certain  pathologiciil  stati;^  render  the  nerves  unusuall) 
tmj>rcssib!e  ip  electjidty  in  degree,  though  in  the  same  way  as  ir 
hcalthv  a^id  thus  arc  of  great  value  to  the  electro  physiological  expcn 
luen  ter. 

The  above  considerations  explain  m  part  the  opposite  and  inconsistent 
wcH  as  fragmentary  character  of  clcctro-physiolotrical  resu-arches,  and 
they  should  be  borne  con&tanlly  in  mi  rid  by  lltose  who  study  this  and 
the  follomng  chapters,  devoted  to  the  action  of  electricity  on  the  Kumar 
body  in  health. 

Actii^n  of  Franklinic  BUctricity. — When  the  sparks  of  frictioiial 
ifctricity  are  applied  to  the  skin  ihey  [iroduce  a  sensation  of  pricking 
d  if  the  sparks  are  large  the  skin  becomes  red  and  a  piipular  eruplior* 
appears.    Applied  lo  the  scaljii  it  causes  the  hair  to  stand  on  end^ 

Aeiian  of  the  Faradic  Current.— U  any  dry  artificial  electrode  is 
pressed  against  the  dry  skin  wliile  a  faradic  current  is  passing,  the  elec- 
tricity win  penetrate  but  slightly  to  the  dee|.jer  tissues,  unless  the  current 
is  very  intcn&c^  because  of  the  great  resistance  offered  by  the  skin. 

One  cfTeci  of  the  faradic  current  on  the  skin  in  this  way  is  to  cause  a 
chtxrt^e  in  the  circuiathn.  The  change  may  be  either  aii;emla  or  hyper* 
xxnia.  .\t  first  there  is  antcmia.  The  calibre  of  the  blood  vessels  is 
narrowedt  Uirough  the  action  of  the  current  on  the  vaso-inotor  nerves. 
This  contraction  with  anemia  is  spasiuodic  in  its  character ;  it  last* 
but  for  a  time,  and  in  the  course  of  two  or  three  nimutes  it  gives  way 
to  hypt:r<eiaia.  The  skin  becomes  red,  and  remains  so  for  a  short  or 
long  lime,  from  several  minutes  to  several  hours,  according  lo  the 
strength  of  the  current,  the  length  of  the  applicalionj  and  thu  tempera- 
lucni  of  the  itidividual. 

Another  e^ect  of  faradizing  the  skin  in  this  way  is  pain.  This  pain  is 
caused  by  tlie  irritation  of  the  extrexnities  of  the  sensory  nerves. 

When  the  dry  hand  is  substituted  for  the  diy  artificial  electrodt-j  the 
surface  can  be  Caradi/ed  without  producing  pain.  During  the  Utter 
operation  the  electricity,  acting  upon  the  dry  surface  of  the  skin,  pro- 
duces a  peculiar  cracking  or  humming  sound  that  may  be  heard  several 
feel. 

An  application  of  a  faradic  current  of  ordinary  strength  Is  followed 
by  the  most  marked  effects  on  the  skin  when  it  is  dry,  from  the  fact 
that  ilic  electricity  is  mostly  confined  to  ihc  surface  of  the  tissue.  A 
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very  fine,  or^  iu  ather  words,  a  rapidly  interrupted,  faradic  curxeni,  hai 
a  more  marked  effect  on  the  sensory  nerves  than  a  coarse,  or  slowly  m- 
terrupted,  current,  and  in  the  treatment  of  the  more  common  forms  of 
an*esthesia  and  neuralgia  this  fact  must  be  considered.  T/t^  negative 
poU  has  a  tnmh  stronger  effeci  both  on  the  sensory  and  motor  neriid 
tttan  the  positive*  Any  one  £an  readily  distin^uisk  the  polts^  when  held 
in  the  hand^  By  the  stronger  sensation  and  more  vioieni  muscular  een- 
traeiton  which  is  felt  at  the  negative. 

Some  parts  of  the  skin  are  more  sensitive  to  the  current  than  others, 
from  the  fact  that  ihey  are  more  richly  suppUed  with  ucrves.  The  face 
is  espedally  sensitive  at  the  points  where  the  various  branches  of 
the  trigeminus  issue,  and  at  the  line  of  demarcation  of  the  skin  and 
mucous  membrane  of  the  nose  and  mouth.  The  relative  sensitiveness 
of  different  parts  of  the  surface  of  the  body  to  the  faradic  current  will 
be  discussed  in  detail  in  a  chapter  devoted  Co  that  subject  in  the  section 
on  Electro  Therapeutics.  A  faradic  current  of  moderate  strength,  when 
applied  to  bones  that  lie  very  near  the  surface,  produces  considerable 
pain  of  a  peculiar  character.  This  pain  is  caused  on  account  of  the 
irritation  of  the  sentient  nerves  of  the  periosteum.  The  forehead  and 
the  region  of  the  scapula  and  tibia  are  especially  sensitive  to  electri/a- 
tion. 

It  is  not  supposed  that  the  bone  is  specifically  afifected  by  the  electric 
current.  Both  the  periosteum  and  the  bone,  however,  may  have  an 
increased  amount  of  blood  attracted  to  them  by  the  electric  currenL 
Acting  in  this  tnanner^  etectnzation  has  been  known  to  reunite  an  old 
fracture.    (See  Electro-Surgery.) 

The  great  and  peculiar  sensitiveness  of  ihe  skin  to  electricity  is  ex- 
plained in  part  by  the  fact  that  the  epidermis  as  a  whole  is  so  poor  a  coii< 
doctor,  and  the  electricity  enters  it  by  points  through  the  sudoriferoLis  and 
sebaceous  glands,  and  the  smaller  the  diameter  of  the  point  at  which  (he 
electricity  enters  a  body  the  greater  the  density,  the  strength  of  the 
current  being  constant.  When  now  an  electrode  is  applied  to  the  body, 
the  entire  current,  instead  of  ditTusing  itself  over  the  whole  surface, 
enters  at  the  glands,  where  there  is  best  conduction,  and  consequently 
excites  pain.  For  the  same  reason,  to  a  greater  degree,  electricity 
applied  by  means  of  a  laetallic  brush  is  far  more  painful  thai)  when 
applied  with  a  broad  metal  or  sponge. 

Tor  the  same  reason  a  wet  sponge  electrode,  when  liglitly  touched  to 
the  surface  of  tlie  body,  causes  more  pain  than  when  firmly  pressed  on 
the  skin. 

One  effect  of  faradL-^ing  the  skin  is  the  phenomenon  of  "  goose-flesli/ 
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jiiilaily  so  called.  This  is  noticed  not  only  where  the  electrodes  are 
plied,  and  belween  them,  but  at  a  distance.  3t  is  more  observed  in  the 
ncn'ous  and  feeble  than  tn  the  hardy  and  strong.  It  tnay  be  excited  hy 
weak  currents  of  momentary  dur:itioti*  In  some  persons  it  cannot  be 
excited  at  all. 

Action  of  the  Gatvanic  Current. — The  effects  of  the  galvanic  current 
on  Ihe  skin  differ  somewhat  from  those  of  the  faradic.  At  both  poles 
there  is  a  hnrfting  sensation,  which  increases  in  intensity  with  ihe  strength 
of  the  current  and  the  length  of  the  application*  The  sensation,  when 
ihe  current  is  closed,  is  like  that  of  a  mustard-plaster,  or,  ttath  a  very 
strong  currenij  that  of  a  hot  iron  pressed  on  the  skin.  The  goose- 
skin  "  sometimes  appears  as  under  the  faradic  current,  but  it  lasts  longer, 
ll  ap|>cars  only  aroiMid  Ihe  poles,  and  not  beneath  them^  at  the  points  of 
coniacc.  Al  the  positive  pole,  in  some  cases,  there  appears  under  the 
electrode,  at  first,  a  shallow  depression,  and  the  skin  is  ]jale,  but  snon 
hypcnuinia  appears,  and  many  little  elevations  here  and  tliere.  When 
%  strong  current  is  used  an  ischae:nic  appearance  is  presented  beneath 
the  electrode,  and  a  red  areola  extends  for  some  distance  around. 

At  the  negative  pole  substantially  the  same  phenomena  appear,  but 
the  hyitera?mia  arises  more  rapidly,  and  is  more  intense  and  extended. 

The  general  sensation  caused  by  the  galvanic  current  is  then,  in 
<-hararter^  substantially  the  same  at  both  poles.  In  degree  of  action 
(here  is  a  certain  difierence,  since  the  change  at  the  negative  develops 
more  rapidly  and  powerfully. 

The  aljovc  phenomena  we  have  repeatedly  demonstrated  on  a  variety 
of  teni|>eraments.  We  have  observed  that  the  rapidity  and  strength  of 
the  action  are  considerably  modified  by  the  individual.  Soft,  thin^  and 
delicate  skins  appreciate  the  burning  feeling  and  the  various  stages  of 
hrperremia  more  quickly  than  skins  which  are  coarse,  thick,  and  hard. 

Ziemssen,  who  has  carefully  studied  ihis  subject,  states  that  unpo- 
laritahh  electrodes  are  necessary  iiv  order  to  obtain  the  complete 
results  with  certainly.  The  advantage  of  unpolarizabk  electrodes  is, 
that  they  are  not  so  painful,  and  so  a  current  of  from  thirty  to  sixty 
elements  can  be  borne  for  a  long  time»  say  from  ten  to  thirty  minutes. 
With  ordinary  electrodes  such  a  current  would  for  most  persons  be  un- 
enritirable  after  the  scond  mimite, 

Chemical  Effects  qJ  the  Gaiz'anic  Current  on  the  Ski^.-^^Vhe  chemical 
effects  of  the  galvanic  current  on  the  skin  differ  not  only  in  degree  but 
in  kind.  Utider  th^  negative  pole — when  metallic  electrodes  of  morlerate 
diameter  are  apjilied  on  the  skin,  slightly  moistened — there  appear  ainall, 
fair  vesicles,  that  are  transparent  and  are  not  raised  much  above  the 
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skii..  This  phciomena  is  produced  by  a  current  that  causes  a  strong 
burning  sensation.  These  vesicles  contain  fluid  and  layers  of  e|>idt!ritjis. 
'I'he  lluid  is  alkaltm.  When  the  strength  of  the  current  is  increased  the 
lluid  becomes  of  a  brownish  color,  and  blisters  are  formed  and  a  rec! 
areola  appears.  The  serum  that  comes  out  on  the  skin  is  alkaline. 
These  blisters,  and  all  the  other  jihenomena,  as  has  been  often 
demonstrated,  appear  more  rapidly  on  deUcate  than  on  thick  $kiiis,  and 
when  fully  foru;ed  they  are  a  long  time  in  healing,  and  for  da)"*  and 
weeks  a  yellowish  and  brownish  discoloration  may  he  observed  at  the 
points  where  the  skin  was  acted  on. 

If  the  application  be  stilt  more  protracted  little  ulcers  are  formed,  that 
are  also  slow  to  perfectly  heal,  but  are  not  painful,  and  cause  no  an- 
noyance. 

At  the  p0siiiv£  pole,  when  a  strong  current  is  used  for  some  time,  a 
blister  appears,  accompanying  the  other  symptoms  of  " goose  flesh,*' 
isch.-emia.  The  blister  is  colored  in  its  centre  a  yellowish  hrowi^ 
The  serous  fluid  that  conies  from  the  blisters  is  fj^-fj/.  The  metallic  elec- 
trode becomes  black  through  oxidation^  In  order  to  demonstrate  this 
action  of  the  positive  pole,  it  is  better  to  have  the  comieetion  at  the 
negative  pole  established  by  means  of  a  broad,  soft,  and  well-moislencd 
s|K>nge, 

Ziemssen  states  that  by  this  experiment,  made  with  thermometer^i, 
no  elevation  of  temperature  takes  place  either  at  the  positive  or  ne^- 
tive  pole. 

In  all  these  chemical  actions  of  the  galvanic  ctirrcnt  on  the  body,  it  is 
probable  that  more  or  less  ozone  is  i>roduccd»  and  it  is  not  impossible 
that  the  ozone  thus  produced  may  in  some  way  modify  the  effects. 
(See  section  on  Ozone        Uhers^  in  Ekctro-Therapeutics/) 

EUctro^attitsthesia. — ^It  has  for  some  time  been  a  matter  of  dispute 
whether  a  sHght  anjesthesia  can  be  produced  by  the  electric  ciirreiit. 
It  is  well  known  that  for  a  niiuiber  of  years  some  dentists  have  been 
accustomed  to  connect  the  forceps  for  extracting  teeth  with  one  pole 
of  an  electro-magnetic  apparatus  while  the  patient  rested  his  foot  on  the 
other  pole,  so  lhat  as  soon  as  the  forceps  seized  hold  of  the  tooth  a  cur- 
rent is  established.  Although  this  method  of  producing  anjESthesia  is  not 
now  received  iWth  favor,  there  is  no  question  that  the  electric  current* 
do  have  a  slight  benumbing  effect.  The  results  of  vanous  experiments 
lhat  we  have  from  time  to  time  performed  in  this  department  seem  to 
be  conclusive.  We  have  had  teeth  extracted  while  a  strong  fejadic 
tnrrent  was  passing  through  the  jaw^  atid  feel  assured  from  this  persona' 
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rviwriencc  that  ihe  clectricUy  caused  the  pajn  to  be  less  sensitively  fell. 
Thai  ihe  fsain  caused  by  the  prick  of  a  pin.  for  examj^le,  is  less  fens! 
lively  felt  when  a  strong  faradic  current  is  passing  through  the  pari 
where  ihe  puncture  I's  uiade,  we  have  practically  tiemonstrated  ol  the 
hand  and  other  parts  of  the  hody. 

Ahhaus*  arrived  at  ihe  conclusion  th:il  the  electric  ciirrtnt  could  pro 
duce  an  anaesthetic  or  slightly  paralyzing  effect,  from  experimenr&  on 
the  nerve-trunks,  as  the  ulimr  and  sciatic.  His  method  of  operating 
nr.is  to  place  the  positive  pole  over  some  point  where  the  nerve  was 
siipcn'iciaJ.  and  the  negative  over  some  one  of  the  terminal  LirancUes, 
keeping  up  the  a-ction  of  the  current  for  fifteen  minutes,  with  ihe  result 
i»f  ptodiidng  a  feeling  of  numbness,  ami  less  sensitiveness  to  the  cur- 
rent. Knorr,  of  Munich*  has  availed  himself  of  the  aniesihciic  effects 
of  electrisatian  far  opcniny  felons  and  buboes. 

Wc  have  also  cxperiincnied  on  inflanK^d  and  irritated  unicous  mem- 
branes.  In  rhinitis^  pharyngitis,  and  laryngitis,  we  have  for  three  years 
ticcn  accustomed  conlinually  to  make  use  of  the  benumbing  effects  of 
etrctrixation. 

It  has  a  very  slight  an;esthetic  effect  on  irritated  and  inflamed  mucous 
rricnibranc,  and  those  on  whom  it  has  been  employed  desire  to  have  the 
applications  repeated.  Our  custom  has  been,  in  some  cases,  to  use  local 
fatadi/ation  after  the  application  of  caustics  and  other  irritants,  in  order 
to  relieve  the  v^cry  annoying  pain  that  they  so  often  cause,  or  in  any 
irritable  condition  of  the  parts. 

A  French  physiciant  M.  Victor  ReviUont»  has  obtained  stmiiar  resultj 
irotn  applications  of  the  faradic  current  to  the  uterus  after  cauteriza- 
•ion.  f 

BUcirkili  Excitiihiiity  of  the  Skin. — TschiriewJ  and  He  Watteville 
have  pointed  out  a  method  by  which  the  absolute  and  relative  excita- 
bility of  ihe  cutaneous  nerves  can  be  readily  tested.  The  principles 
of  their  method  are  ;  ist.  Kltniination  of  all  the  sources  of  variation  in 
ihe  strength  of  the  civrrents  due  to  the  variable  thickness  of  the  cpi- 
dermis,  and  the  different  posiiirtns  of  the  electrodes,  etc.,  by  intercalat- 
ing in  the  circuit  such  resistances  as  to  make  such  variations  insignifi- 
cant.  jd.  EUminaiton  of  the  variable  abundance  of  nervous  elements 
jn  the  skin,  by  exciting  it  at  a  constant  number  of  points,  dispersed 
over  a  constant  surface, 

•  yffiiicM  Ekcttiaiy,    lS6o.    t*p.  i66,  167. 
f  Archivet  Cenerahs  4i  Midecinr.    Septemt>cf,  1868,    p.  356* 
XBrttm,    Fart  VI. 


CHAPTER  IV, 


ACTION  OF  EI.ECTRrcnr  ON  THE  BRAIN  AND  SI'INAI.  COtU>. 

D'trect  ApplUathn, — It  has  been  shown  by  Fritsch  and  Hiteig  lha! 
in  the  cerebral  convolutions  there  are  centres  for  the  production  of 
voluntary  muscular  movements  in  various  parts  of  the  body.  These 
physiologists  took  off  the  ii^jper  part  of  the  skull  of  a  dog,  and  by 
means  of  weak  gakank  currents  excited  the  exposed  brain,  locating 
the  current,  as  far  as  possible,  in  small  portions.  They  found  that 
when  certain  de&nite  portions  of  the  anterior  convolutions  were  excited, 
mav/im^n(s  were  causid  in  certain  gr&ups  aj  muicl^s  ojv  the  opposite  side 
&f  the  body*  Continuinj;;  their  researches,  they  sliowed  that  there  are 
definite  nerve-centres  for  the  nerves  that  preside  over  the  miiscles  of 
the  neck,  the  foot^  and  the  face,  for  the  extensor  and  adductor  muscles 
of  the  foreann,  and  for  the  flexor  and  rotator  ninscles  of  the  arm, 

Prof.  Ferrier,  of  King's  College,  London,  has  made  siiiiilac  researches 
with  the  faradic  current,  and  with  it  has  investigated  the  brains  of  fish, 
frogs,  dogs,  cats,  rabbits,  guinea  pigs,  and  monkeys.  He  has  studied 
not  only  the  cerebrum,  but  the  cerebellum,  the  corpora  quadngeniina, 
and  other  portions  of  the  brain.  Electri?:alion  of  the  optic  thalami 
produced  no  result,  Eleclriiation  of  the  corpora  striata  caused  the 
limbs  to  be  flexed.  Electrization  of  the  anterior  tubercles  of  the  corpora 
quadrigemina  caused  dilatation  of  the  pupils  and  opisthotonus  ;  while 
electrizaliot^  of  the  posterior  tubercles  caused  the  animal  to  make  aU 
sorts  of  noises.  Electrization  of  the  cerebellum  caused  movemeots  of 
the  eyeballs.  Dr»  Beard*  has  carefully  studied  this  subject  on  the  brains 
of  dogs,  rabbits,  cats,  and  pigeons.  He  used  both  currents,  mild,  me- 
dium and  strong,  and  studied  also  tlie  question  of  diffusion  of  currents* 
His  provisional  concU^sions  were,  that  the  surface  of  the  brain  was 
electrically  excitable;  that  the  theory  advanced  by  Dupuy  and  other 
French  observers,  that  the  excitation  was  due  to  the  diffusion  of  the  cur- 
rents to  the  central  ganglia,  was  not  tenable.  Dr.  Bartholowf  had  made 
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tbcavby  dimini^shcd.  This  diimnution  of  irritabtlityis  called  the  *^m^a^ 
time  m^ificaiicn**  Al  the  positive  pole  in  tliecatelectroionicregiouj  an 
increase  of  irritabilily,  or  f^sitii^  modificaHon^  appears  on  breaking  the 
curreni.  This  increase  and  diminution  of  irritability  continue  for  some 
tirnc  aAer  the  polari/ing  current  is  broken. 

EfftH  ef  a  Ckattg^  in  the  Direction  &ffhe  Ctirrent. — Another  effect  of 
etectrotonos  is  the  cha^nge  of  irriiability  which  is  caused  by  a  change  in 
tbc  diicction  of  ihe  current.  If  a  nerve  is  subjected  for  some  time  to 
ifcc  inlluence  of  a  galvanic  current  in  el  certain  direction,  it  loses  some 
of  lis  irritability,  ivhich  il  regains  when  the  current  is  reversed, 

Restoraiim  of  Irntabiliiy, — A  very  important  effect  of  electrotonos 
a  resToraTion  of  irritability  in  a  nerve.  It  has  been  proved,  both  by 
experience  and  by  experiments,  that  nerves,  wliich  froui  any  cause  have 
lost  their  irritability  to  the  laradic  current,  &onietitiies  regain  it  after  an 
*j>plii:ation  of  the  galvanic.  It  has  been  shown  by  tlie  experience  of 
several  writers  on  eleclro-iherapemics,  and  of  ourselves,  that,  in  cases 
o>f  |>araty^s,  when  the  faradic  current  at  first  fails  to  produce  contrar- 
tiooSf  the  application  of  the  galvainc  may  not  only  readily  produce  con- 
tnciions,  but  may  also  produce  such  a  change  in  the  irritability  0/  tht 
paralysid ptsrti  as  ta  cause  them  to  regain  their  l&st  irritability  to  thi 
faradie  current,    (See  Electro-Therapculics.) 

Etectrotonos  of  MhscIc, — A  muscle^  like  a  nerve,  may  be  put  in  the 
condaion  of  electrotonos  ;  the  changes  of  irritability  that  accompany 
this  condition  are  conftned  to  the  poition  of  muscle  through  which 
tlie  current  dows.  The  subsequent  effects,  after  the  polarising  current  is 
broken,  arc  also  limited  to  the  portion  through  which  the  current  passes. 
It  is  logically  probable,  also,  that  not  only  the  nmtor  nerves,  btit  also 
alt  parts  of  the  nervous  system — central  and  peripheral — are  capable  of 
exhibiting  the  phenomena  of  modified  irritability  under  the  galvanic 
current 

Theory  of  Aneleciroionos  and  Catclcctrotonos. — That  the  galvanic 
current  in  its  passage  through  the  nerve  diminishes  the  iiritability  of  that 
iv*rvc  in  the  region  of  the  positive  pole,  and  increases  its  irritability  in 
the  region  of  the  negative  pole,  may  be  explained  by  the  purely  physical 
effects  of  the  currents  in  the  tissue. 

We  have  «een  that  in  electrolysis  acids  go  to  the  positive  and 
alkalies  to  the  negative  pole  ;  now  it  is  a  fact  of  physiologj'  that  acida 
dinunish  the  irritability  of  nerves,  while  alkalies  increase  it,  Anelec- 
trotODOS  and  catelectrotonos  may  therefore  be  caused  by  acids  at  the 
fjositive  and  alkalies  at  the  negative  pole. 

This  explanation  is  rendered  probable  by  two  facts :  ^rst^  that 
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aDelectrotonos  and  catelectrotODOs  are  not  produced  by  the  secondu) 
faradic  current^  which  has  no  marked  chemical  actioD  ;  «md  ^€^0ndl}\ 
that  very  feeble  and  insta.nt:incous  passages  of  the  galvanic  current  pro^ 
ducc  electrolytic  effect's. 

P/ius^rs  Coniractwn-Lim*^ — The  law  of  contraction,  derived  by 
riiuger  from  experijiitnts  on  tlie  frog^  is  thus  formulated:  The  nerve  u 
excited  by  the  appearance  of  catelectrotcms^  and  the  dtsappearanct  0/ 
anehitrctonoSj  but  nt?i  by  the  appearance  of  anelecfrofmos  or  the  dis- 
appearance  0/ cateUctr&i&nos.  This  law  is  considered  of  great  scientific 
as  well  as  practical  value- 

J^iectr&tmos  in  the  Living  Man,- — The  subject  of  electrolonos  in  the 
living  man  has  been  studied  by  Eutenburg,  Samt,  Von  Bt^^old,  Brenner, 
Erb,  BrQckner,  Runge,  and  Filchne,  but  most  successfully  by  Cyon. 

CyoQ^*  by  a  series  of  elaborate  and  careful  experiraentSj  has  shovm 
tliat  the  contraction -law  of  Priiiger,  as  established  on  the  frog  prepaia- 
tion,  applies  also  to  the  lining  human  subject. 

He  has  shown  that,  after  closing  the  circuity  the  irritabiltty  is  in- 
creased near  the  negative  pole  ;  that  this  condiCioQ  of  catclectrotonos 
increases  as  the  current  runs  up  to  a  certain  point;  that  on  breaking 
the  current  the  negative  modification^  or  condition  of  diminished  irrita- 
bility, appears  for  a  moment,  and  then  disappears. 

Near  the  positive  pole»  on  the  other  hand,  the  irritability  is  diminished 
at  and  after  closing  the  current.  On  breaking  die  current  there  is 
an  increase  of  irritability,  or  pestfive  modtfiraiipn,  which  appears  to  be 
jjreater  when  the  current  has  been  allowed  to  run  a  long  time. 

'I'he  experiments  from  which  Cyon  derived  these  conclusions  were 
*iiade  on  the  ulnar  nerve,  and  with  great  care  to  avoid  error.  It  will 
be  seen  that  the  results  correspond  with  the  results  of  Fdiiger's  e^peri- 
ijients  on  the  frog,  and  confirtn  thein.  Cyon  founds  however,  tliat  these 
results  were  not  unifonn  in  all  persons,  but  were  modified  more  or  less 
by  temperament  and  disease. 

Practical  Bearifii^s  of  the  Laws  of  Electr&ionos^ — While  the  laws  of 
electrotonoi  do  not  account  for  all  the  thet-apeutical  actinn  of  the  gal- 
vanic current,  ihcy  are,  nevertheless,  of  great  vaUie,  and  help  to  ex- 
plain the  practical  ditTerences  observed  in  the  action  of  the  two  poles. 
In  a  carefully  prepared  article,  however,  by  De  Wattevillcf  the  con- 
clusion is  reached  *'that  a  therapeutical  system,  built  on  the  opposite 
anelectrotonic  and  katelectro tonic  ejects,  rests  ui^n  an  imaginary 
basis,  .  .  .  Both  are  stimulants,  if  ' stimulation*  there  be,  the  kathode 
more  than  the  anode.'* 

•  Principes  d* Eleetr^h^rapie.    Paris,  1873,  p.  130  stq. 
f  Condiiism  ef  the  Unipolar  Siimttt^ttiyn,  tU.      Df>ija."    Fate  IX 


CHAPTER  IIL 


ACnOM  OF  ELECntlClTY  on  THl  SKIM. 

In  regard  to  the  study  of  the  action  of  electricity  on  the  body  in 
health,  it  is  necessary  to  make  the  preliminary  remark  hat  many  of 
the  expericocDU  that  have  been  made  and  published,  and  widely  quoted 
m  this  department,  have  but  little  scientific  value,  and  cannot  be  re- 
garded 35  tn  any  sense  amhontaiive  The  reason  for  tlie  uncertainty 
pcriaming  to  the  reported  experiments  are  majiifold  ; 

1.  T^^  duiin^tion  b€hv€^n  the  currents  has  not  been  observed.  Not 
only  have  the  faradic  and  the  galvanic  currents  been  constantly  con- 
founded, but  die  subdivisions  of  the  faradic  current — the  eiectro-mag- 
netic  and  magneto  electric— have  been  vaguely  coiumingled.  Majiy 
observers  s^Jeak  of  galvani^iation  when  they  mean  faradization,  and  %fke 
terjtdf  and  not  a  few  apply  both  lerms  lo  the  use  of  the  same  current. 

2.  Aihivamre  /tas  rttii  been  made  for  the  differential  actim  of  strange 
medium^  and  feeble  eurrenis^  &r  of  l&ng  and  short  applkations.  The 
ditference  lii  the  physiological  effect  of  a  large  and  small  dose  of  opium^ 
strychnine,  belladonna^  or  ergot*  or  any  other  powerful  remedy  whatso- 
ever, is  enormous.  When  a  small  dose  has  no  perceptible  effect,  a  large 
dose  iDay  throw  into  profound  sleep,  or  into  violent  convubion&r  that  lead 
to  death.  Id  speaking  of  the  physiological  action  of  drags  of  any  kind^ 
the  dose  U  always  mentioned^  and  any  experiment  with  drug^,  on  man 
or  animals,  when  the  dose  is  not  known  or  mentionedthas  little  value  in 
science.  Similarly  abo  in  electro-therapeutics,  we  find  in  every-day 
ex[tenence  that  the  ditference  in  the  effects  of  a  mild  and  short,  and  a 
Kvere  long,  application,  is  only  ihe  dilierence  between  making  a 
patient  in^nitely  better  or  infinitely  worse, 

When,  dierefore,  we  read  that  galvanization  of  the  sympathetic  or 
pneuniogastric  produces  such  and  such  effects,  we  really  gel  no  precise 
knowledge  whatsoever 

J,  The  differential  suseeptibiiity  of  man  and  animals  has  not  been  duly 
(OHsidcred,  Experiments  with  electricity  perfonned  on  the  lower  ani 
iual£^  as  frogs,  dogs,  cats,  horses,  rabbits,  cows,  guinea-pigs,  etc,  do  not 
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altt'ays  afford  a  saft;  basis  for  generali/aUtjn  in  reg  rd  to  the  effects  of 
electricity  on  man,  and  especiaUy  on  raan  in  a  state  of  civilization.  In 
their  susceptibility  to  the  electrical  stimiiUis,  and  in  the  length  of  time 
thai  they  retain  their  irritability  after  death,  there  is  a  great  difference 
i[i  anioials-  be  .ween  animals  and  civilized  man  this  difference  mailt  he 
v  ery  great. 

In  proportion  as  the  organization  of  man  is  more  complex  than  that 
of  the  lower  animals,  in  that  proportion  will  the  physiolo^cal  reactions 
of  the  human  body  to  the  electric  current,  or  indeird  to  any  other  in 
fluence,  be  more  comijlex  and  uncertain,  and  more  liable  to  deviations 
aaxd  roodifications  than  the  physiological  reactions  of  the  inferior  fonns 
of  Jife  to  which  vi^e  are  supposed  to  be  related.  Conclusions  in  electio- 
physiology,  derived  solely  from  experiments  on  aninjais,  have  the  great 
merit  of  simplicity  ;  but  when  applied  to  the  far  higher  and  more  coin* 
plex  organin^ation  of  man,  and  especially  of  civilised  man,  with  his  ex- 
cessively sensitive  .system  of  nerves^  ihey  are  apt  to  lead  into  serious 
error. 

4,  Individual  idiosyncrasies  Aaz*£  not  beeti  property  eofisidered^  The 
nction  of  medicines  varies  with  the  temperament  to  such  a  degree  a$  to 
niake  necessary  great  caution  in  rushing  to  gcnerLdi/aiions  from  expe- 
riments on  one  or  two  persons.  Applications  of  electricity,  faradic 
or  galvanic,  to  the  cervical  sympathetic^  similar  in  length  and  strength, 
may  cause  in  one  individual  symptoms  of  cerebral  congestion,  in  another 
sym|>ioms  of  cerebral  anajmia,  and  in  anodier  its  effects  may  be  purely 
negative.  In  one  individual  the  effects  of  such  application  may  be  fell 
at  once,  in  another  an  hour  ur  two  after  the  application,  in  another  not 
until  the  following  day. 

There  is  a  great  difference  in  the  average  susceptibility  of  different 
nationalities  and  uf  the  higher  and  lower  orders  of  society^  with  occa- 
sional exceptions  both  ways ;  the  tough,  coarse  hbred  laboring  classes 
are  much  less  susceptible  to  electricity,  just  as  they  ai*e  much  less  sus- 
ceptible to  drugs,  than  the  delicate,  finely  organized,  brain-working 
classes. 

5.  The  action  of  ekclricHy  t>n  the  body  in  health  may  be  teamed^  in 
pari  at  least,  by  studying  its  action  in  disease. 

"Pathology,"  Altbutt  well  says,  "is  hut  the  shady  side  of  physiology." 
To  draw  the  line  precisely  where  health  ends  and  disease  begins,  is 
oftentimes  beyond  the  power  of  mortal  man.  Of  the  deep  darkness  of 
the  midnight-hour  any  child  is  conscious,  and  even  the  birds  discern  the 
approach  of  evening ;  but  what  physicist  so  keen  as  to  tell  the  precise 
moment  wh^n  the  late  afternoon  begins  to  fade  into  the  -^ady  twihghlf 
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It  is  because  physiologyand  ]>at!ioIogy  thus  ntn  into  each  other,  thai 
obsiTv^onsoa  pathological  stales  may  be  of  great  service  to  ]>l»ysiology, 
Hxpertuicals  m&dv  with  dcctricicy  on  patients  more  or  less  diM^osod 
havi:  he]t>cd,  as  we  shall  5ee»  to  solve  some  uf  the  jimbleras  of  electro 
ph}*siology.  Ccrtam  pathological  states  render  the  Dcrves  unusuall) 
impressible  to  electricity  in  degree,  though  in  the  same  way  as  ir 
bcaltb,  aod  thus  axe  of  great  value  to  the  elcctro^physiological  expcri 
mctiter. 

The  above  considerations  explain  m  part  the  opposite  and  inconsistent 
as  well  as  fragmentary  character  of  electrophysiological  researches,  and 
they  should  be  borae  constantly  in  mind  by  those  who  study  this  and 
the  foUoiring  chapters,  devoted  to  the  action  of  electricity  on  the  humar 
body  ia  health. 

Aciwn  Franklink  £ie^/naVy.^^yhen  the  sparks  of  friciional 
electricity  are  applied  to  the  skin  they  produce  a  sensation  of  pricking 
and  if  liie  sparks  arc  large  the  skin  becomes  red  and  a  papular  erupiiori 
a|){H:ars.    A]>phed  to  the  &calp,  it  causes  the  hair  to  stand  on  end. 

Actian  srf  the  FamJu  Currtnt. — If  any  dry  artificial  electrode  is 
pressed  against  ihc  dry  skin  wJiile  a  faradic  current  is  passing,  the  elec- 
tricity will  penetrate  but  slightly  to  the  deeper  tissues,  unless  liie  current 
is  very  intense,  because  of  the  great  resistance  offered  by  the  skin. 

One  e^ect  of  the  faradic  current  on  the  skin  in  this  way  is  to  cause  a 
chaftgt  in  the  circuiation^  The  change  may  be  either  aniemia  or  hypcr- 
a^nnia.  At  &rst  there  is  anaemia.  The  calibre  of  the  blood  vessels  Is 
oarrowcd,  through  the  action  of  the  current  on  the  vasomotor  nerves. 
This  contractioiv  with  anaemia  ts  spasmodic  in  its  character;  it  last^ 
but  for  a  lime;*  and  lq  the  course  of  two  or  three  minutes  it  gives  way 
to  hy|>era;mia.  The  skin  becomes  red,  and  remains  so  for  a  short  or 
long  time,  from  several  minutes  to  several  hours,  according  to  the 
strength  of  the  current,  the  length  of  the  application,  and  the  tem|>era* 
meat  of  the  individuals 

Another  eflfeci  of  faradizing  the  skin  in  this  way  is  pani.  This  pain  is 
caused  by  the  irritation  of  the  extremities  of  tlie  sensory  nerves. 

When  the  dry  hand  is  substituted  for  the  dry  artificial  electrode,  the 
surface  can  be  faradized  without  producing  pain.  During  the  latter 
u[>eration  the  electricity,  acting  ujion  the  dry  surface  of  the  skin,  pro- 
duc4:s  A  peculiar  cracking  or  humming  sound  that  may  be  heard  several 
feel. 

An  application  of  a  faradic  current  of  ordinary  strength  is  follovred 
by  the  rn^st  marked  effects  on  the  skin  when  it  is  dry,  from  the  fact 
diat  the  electricity  is  mostly  confined  to  the  surface  of  the  tissue*  A 
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very  fme,  or,  iu  oihet  words,  a  raplUIy  interrupted,  faradic  current,  has 
a  more  marked  effect  on  the  sensory  nerves  than  a  coarse,  or  atowly  in* 
terrtipted,  current,  and  in  the  treatment  of  the  more  common  forms  of 
anesthesia  ^nd  neuralgia  thts  fact  must  be  considered.  TA^  n^galiz't 
pole  has  a  much  str&ngtr  effect  both  on  the  sensory  and  motor  nerves 
ilmn  the  positive.  Arty  one  can  readily  distint^uish  the  potes^  when  held 
in  the  hand^  ^y  the  stronger  sensation  and  tnare  violent  muscular  con- 
traction which  it  felt  at  the  negative. 

Some  parts  of  the  skin  are  more  sensitive  to  the  current  ihati  others, 
from  the  fact  that  they  are  moie  richly  suppUed  with  nerves.  The  face 
is  especially  sensitive  at  the  points  where  the  various  branches  of 
the  trigeminus  issue,  and  at  the  tine  of  demarcation  of  the  skin  and 
mucotii  membrane  of  the  nose  aud  mouth.  The  relative  sensitiveness 
of  different  parts  of  the  surface  of  tlie  body  Co  the  faradic  current  will 
K  be  discussed  in  detail  in  a  chapter  devoted  to  that  subject  in  the  section 
on  Electro  Therapeutics.  A  faradic  current  of  moderate  slrengib,  when 
applied  to  bot^es  that  lie  very  near  the  surface,  produces  considerable 
pain  of  a  peculiar  character.  This  pain  is  caused  on  account  of  the 
irritation  of  the  sentient  nerves  of  the  periosteum.  The  forehead  and 
Che  region  of  the  scapula  and  tibia  are  especially  sensitive  to  eleciHjEa- 
tion. 

It  is  not  supposed  that  the  bone  is  specifically  affected  by  the  electric 
current*  fiodi  the  periosteum  and  the  bone^  however,  may  have  an 
increased  amount  of  blood  attracted  to  them  by  the  electric  current. 
Acting  in  this  manner,  electrization  has  been  known  to  reut)ite  an  old 
fracture.    (See  Electro  Surgery.) 

The  great  and  peculiar  sensitiveness  of  the  skin  to  electricity  is  ex- 
plained in  part  by  the  fact  that  the  epidermis  as  a  whole  ts  so  poor  a  con- 
ductor, and  the  electricity  enters  it  by  points  through  the  sudoriferous  and 
sebaceous  glands,  and  the  smaller  the  diameter  of  the  point  at  which  the 
electftcily  enters  a  body  the  greater  the  density,  the  strength  of  the 
current  being  constant.  When  now  an  electrode  is  applied  to  the  body, 
the  entire  current,  instead  of  diffusing  itself  over  the  whole  surface, 
enters  at  the  glands,  where  there  is  best  conduction,  and  consequently 
excites  pain.  For  the  same  reason,  to  a  greater  degree,  electricity 
applied  by  means  of  a  metallic  brush  is  f3X  more  painful  thati  when 
applied  with  a  broad  metal  or  sponge. 

I'or  the  same  reason  a  wet  sponge  electrode,  when  lightly  touched  xq 
the  surface  of  the  body,  causes  more  pain  than  when  firmly  pressed  oQ 
the  skin. 

Qjke  effect  of  faradLr.ing  the  skin  is  the  phenomenon  of  ''goose-flesh/ 
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nlaily  so  cxWech  Thii  is  noiiced  not  only  where  Ihe  electrodes  are 
applied,  and  between  them,  but  at  a  distance.  It  is  more  observed  in  the 
nervous  and  feeble  than  in  the  hardy  and  strong.  It  may  be  excited  by 
wcaV  cwrrents  ot  momentary  duratton.  In  sonte  persons  it  cannot  be 
excited  at  all 

Acii^  ef  ihe  Galvanic  Currrnt, — The  effects  of  ihe  galvanic  current 
oo  ihc  sktn  differ  somewhat  from  those  of  the  faradic.  At  both  poles 
there  i*  a hwr/tini^  sensation,  which  increases  in  intensity  with  ihe  strength 
of  Ihe  current  and  the  length  of  the  ap]iIicatioD,  The  sensation*  when 
the  current  is  closedp  is  like  that  of  a  mustard-plasterj  or*  with  a  very 
sottng  curreni,  that  of  a  hot  iron  pressed  on  the  skin.  The  "goose 
skin  "  sometimes  appears  as  under  the  faradic  current,  but  it  lasts  longer. 
It  appears  only  arovind  the  poles,  and  not  beneath  them,  at  the  points  of 
contact.  At  the p&sitive  f^U^  in  some  cases,  there  appears  under  the 
ciccuodc,  at  first,  a  shallow  depression,  and  the  skin  is  pale,  but  soon 
tiypcnentta  appears,  and  many  little  elevations  here  and  tliere*  When 
a  strong  current  Ls  used  an  ischaemic  appearance  is  presented  beneath 
the  electrode,  and  a  red  areola  extends  for  some  distance  around. 

At  the  tugativt  pote  substantially  the  sauie  phenomena  appear,  but 
the  hy\iera;mia  arises  more  ra[udly,  and  is  more  intense  and  extended. 

The  general  sensation  caused  by  the  galvanic  current  is  then,  in 
ckaracttr,  substantially  the  same  at  both  poles.  In  titgrte  of  action 
there  is  a  certain  diflference,  since  the  change  at  the  negative  develops 
roore  rapidly  and  powerfully. 

Tlie  above  phenomena  we  have  repeatedly  demonstrated  on  a  variety 
of  temperaments.  We  have  observed  that  the  rapidity  and  strength  of 
the  action  are  considerably  modified  by  the  individual.  Soft,  thin,  and 
delicate  skins  appreciate  the  burning  feeling  and  the  various  stages  of 
b)iier^emia  more  quickly  than  skins  which  are  coarse,  thick,  and  hard. 

Zicm&sen,  who  has  carefully  studied  this  subject,  states  that  unpo- 
hritabU  ckctrodcs  are  necessary  in  order  to  obtalfv  the  complete 
results  with  certainty.  Tlie  advantage  of  unpolari^able  electrodes  is, 
lhar  they  are  not  so  painful,  and  so  a  current  of  from  thirty  to  sixty 
elements  ran  be  borne  for  a  long  time,  say  from  ten  to  thirty  minutes. 
With  ordinary  electrodes  such  a  current  wonid  for  most  persons  be  un- 
endurable after  the  sc'ond  minute. 

Chtmical  Eff€£ts  of  the  Galvanic  Current  &n  ihe  Skin. — The  chemical 
ects  of  the  galvanic  current  on  the  skin  differ  not  only  in  degree  but 
in  kind.  Uodcr  the  negative  pole — when  mclallic  electrodes  of  moderate 
diameter  34-e  applied  on  the  skin,  slightly  moistened — diere  app*?ar  sujuU, 
pair  vesicles,  that  are  transparent  and  are  not  raised  much  above  the 
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skit..  This  phenomena  is  produced  by  a  current  that  causes  a  strong 
burning  sensation.  These  vesicles  contain  fluid  and  layers  of  cpidcmiis. 
The  fluid  is  alkalhie^  When  the  streugth  of  the  current  is  increased  the 
iluid  becouK'S  of  a  brownish  coJor,  and  blisters  arc  formed  and  a  red 
areola  appears.  The  semen  that  comes  out  on  the  skin  is  alkaHnc 
The*ie  blisters,  and  all  the  other  phenomena,  as  has  been  often 
dt^mojislrated,  appear  more  rapidly  on  dehcate  than  on  thick  skins,  and 
witen  fully  formed  ihey  are  a  long  time  in  healing,  and  for  days  and 
weeks  a  yellowish  and  brow^nish  discoloration  may  be  observed  at  the 
points  where  the  skin  was  acted  on. 

If  the  application  be  stiil  more  protracted  little  ulcers  are  formed,  thai 
aie  also  slow  to  perfectly  heal^  but  are  not  painful,  and  cause  no  an- 
noyance. 

At  the  pcsitive  pole,  when  a  strong  current  is  used  for  some  time,  3 
bhster  appears,  accompanying  the  other  symptoms  of  "goose  flesh," 
(schicniia.  The  blister  is  colored  in  its  centre  a  yellowish  brown. 
The  serous  fluid  that  comes  from  the  blisters  isactii.  The  metallic  elec- 
trode becomes  black  through  {?xiiiation.  In  order  to  demonstrate  this 
action  of  the  positive  pole,  it  is  better  to  have  the  connection  at  the 
negative  pole  tslabUshed  by  means  of  a  broad,  soft,  and  well-moistened 

SpODgC. 

Ziemssen  states  tliat  by  this  experiment,  made  with  thermometers, 
no  elevation  of  temperature  takes  place  either  at  the  positive  or  nega- 
tive pole. 

In  all  these  chemical  actions  of  the  galvanic  current  on  the  body,  it  is 
probable  that  more  or  less  ozone  is  produced,  and  it  is  not  impossible 
that  the  02one  thus  produced  may  in  some  way  modify  the  effocts. 
(See  section  on  Os0ne^i\d  UlttrSy  in  Electro-Therapeutics,) 

£l££tro-aniZsthesia.^\X  has  for  some  time  been  a  matter  of  dispute 
whether  a  slight  anesthesia  can  be  produced  by  the  electric  current. 
It  is  well  known  that  for  a  number  of  years  some  dentists  have  been 
accvtstomed  to  connect  the  forceps  for  extracting  teeth  with  one  pole 
of  an  electro-magnetic  ajiparatus  while  the  patient  rested  his  foot  on  the 
other  pole,  so  that  as  soon  as  Che  forceps  seized  hold  of  the  tooth  a  cur- 
rent is  established.  Although  this  method  of  producing  ancesthesia  is  not 
now  received  with  favor,  there  is  no  question  that  the  electric  currents 
do  have  a  slight  benumbing  effect.  The  results  of  various  experiments 
that  we  have  from  time  to  time  performed  in  this  department  seem  to 
be  conclusive..  We  have  had  teeth  extracted  while  a  strong  faradic 
turrent  was  passing  through  the  jaw,  and  feel  assured  from  this  personal 
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experience  that  (he  electricity  caused  the  pain  lo  be  less  sensitively  fell. 
Thai  the  pain  caused  by  the  prick  of  a  pin,  for  example,  is  less  sensi 
tively  felt  when  a  strong  faradic  current  is  passing  through  the  pan 
where  the  puncture  is  made,  we  have  jiractically  demonstrated  oi.  the 
hand  and  other  parts  of  the  body. 

Althaus*  arrived  at  thi;  conclusion  that  the  electric  current  rotild  ]>ro 
diice  an  ansestheitc  or  &Ughliy  paralysing  effect,  from  eNperiments  on 
lh€  nerve-trunks,  as  the  uJnar  and  sciatic.  His  raetliod  of  operating 
was  to  place  the  positive  pole  over  some  point  where  the  nerve  was 
sapenlciaj.  and  the  negative  over  some  one  of  the  terminal  branches, 
keeping  up  (he  action  of  the  current  for  fifteen  minutes,  with  the  result 
ul  pioductng  a  feeling  of  numbness,  an*l  less  sensitiveness  lo  the  cur- 
rent. Knorr,  of  Munich,  has  availed  himself  of  the  aniesthettc  effects 
of  elcctri nation  for  opening  felons  and  buboes. 

We  have  also  experimented  on  inflamed  and  irritated  mncous  mem- 
braivcs.  In  rhinitis,  pharyngitis,  and  laryngitis,  we  have  for  three  years 
been  accustomed  continually  lo  make  use  of  the  benumbing  effects  of 
ricctri/ation. 

It  has  a  very  slight  anesthetic  e^ect  on  irritated  and  inflamed  mucous 
membrane,  and  tliose  on  whon\  it  has  been  employed  desire  to  have  the 
applications  repeated.  Our  custom  has  been,  in  some  cases,  to  use  local 
fuaduation  after  the  apphcation  of  caustics  and  other  irritants^  in  order 
to  relieve  the  very  annoying  pam  that  they  so  often  cause,  or  in  any 
irritatrle  condition  of  the  part*;. 

A  French  ]ihysiuan,  M,  Victor  Revillout,  has  obtained  similar  resniti 
troin  applications  of  the  faradic  current  to  the  uterus  after  canieri^a. 
Hon.  t 

EletU-ica!  ExcitabiHiy  of  the  ^^-/W.—Tschiriew  J  and  De  Wattevtlle 
have  pointed  out  a  method  by  which  the  absolute  and  relative  exclta^ 
bilicy  of  the  cutaneous  nerves  can  be  readily  tested.  The  principles 
of  their  ttiethod  are  :  ist.  Etimination  of  all  the  sources  of  variation  in 
the  strength  of  the  currents  due  to  the  variable  thickness  of  the  epi- 
dermis, and  the  ditferent  po&itions  of  the  electrodes,  etc.,  by  intercalat- 
ing in  the  circuit  such  resistances  as  to  make  such  variations  insignifi- 
cant. 3d.  Eiitninaiion  of  the  variable  abundance  of  nervous  elements 
to  the  skin,  by  exciting  it  at  a  constant  number  of  points,  dispersed 
over  a  constant  surface, 

•  MctUtixt  FJedridty,    i860,    pp.  t66,  167, 
f  Affhwis  GinhrttUs  de  MidtfiH*.    SftpteinlKr»  iS65.    p.  356^ 
XBrmn.    Vm  VI, 
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ACTION  OF  Ef.BCrRICtlT  ON  THE  BRAIN  AND  SI'tNAL  CORD^ 

Direct  AppHcalhn, — It  has  been  shown  by  Kntsch  aod  Hitzig  thai 
in  the  cerebral  convolutions  there  are  ccntrc^i  for  the  produciioti  of 
voluntary  muscular  movements  in  various  partsof  the  boily.  These 
physiologists  took  off  the  upper  part  of  tlie  skuU  of  a  dog,  and  by 
means  of  weak  gahaftic  currents  excited  the  exposed  brain,  locating 
the  current,  as  Jiir  as  passible,  in  suiall  portions.  They  fou^d  UiAt 
when  certain  definite  portions  of  the  anterior  convolutions  were  excited, 
mortm^nts  were  caused  in  certain  grsups  muscles  on  the  opposite  side 
of  the  bi^dy*  Continuing  their  researches,  Jhey  showed  that  there  are 
definite  nerve  centres  for  the  nerves  that  presitie  over  the  muscles  of 
the  neck,  the  foot,  and  the  face,  for  the  extensor  and  adductor  muscles 
of  the  forearm,  and  for  the  tlexor  and  rotator  muscles  of  the  arm. 

Prof.  Ferrier,  of  King's  Collcgei  London,  has  made  similar  researches 
with  the  faradic  current,  and  with  it  has  investigated  the  brains  of  fish, 
frogs,  dogs,  cats,  rabbits,  guinea  pigs,  and  monkeys.  He  has  snuUed 
not  only  the  cerebmm,  but  the  cerebellum,  the  corpora  quadrigemina, 
and  other  portions  of  the  brain.  Electrization  of  the  optic  thaUnii 
produced  no  result*  Electrization  of  the  corpora  striata  caused  the 
limbs  to  be  flexed.  Electrization  of  the  anterior  ttibercles  of  the  cor|K)ra 
quadrigemina  caused  dilatation  of  the  pupils  and  opisthotonus  ;  Tvhile 
electrization  of  the  posterior  tubercles  caused  the  animal  to  make  all 
sorts  of  noises.  Electrisation  of  the  cerebellum  caused  movetnents  of 
the  eyeballs.  Dr,  Beard*  has  carefully  studied  this  subject  on  the  brains 
of  dogs,  rabbits,  cats,  and  pigeons.  He  used  both  currents,  mild,  me- 
dium and  strong,  and  studied  also  the  question  of  diffusion  of  currents. 
His  provisional  conclusions  were,  that  the  surface  of  the  brain  was 
eJectrically  excitable ;  that  the  theory  advanced  by  Duptiy  and  other 
French  observers,  that  the  excitation  was  due  to  the  diffusion  of  the  cur- 
rents to  the  central  ganglia,  was  not  tenable.  Dr.  Bartholow  \  had  mad* 
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Smilar  cxpenmeitts  on  the  brain  of  a  living  voraan,  exposed  by  can- 
cerous disease. 

£ff€4is  of  Exttrnal  Gatvanhation  of  the  Brain. — The  leading  effect 
of  nietliuiD  and  strong  galvanuatton  of  the  brain  by  external  application 
ID  the  living  human  subject  is  liififtjrent.  When  one  electrode  is  placed 
on  ihe  for-^head  and  the  other  on  the  occiput,  or  one  on  the  summit  of 
the  head  and  the  other  on  the  stomach,  galvanisation  is  followed  by 
little  if  any  tendency  lo  vertigo.  When  a  current  of  even  feeble  tension 
is  passed  from  temple  to  temple,  or  from  one  mastoid  bone  to  its  fellow, 
very  decided  diziin**s5  is  at  once  perceived,  which  continues  during  the 
operation  of  the  current,  and  becomes  most  decidedly  manifested  at  Che 
moment  the  circuit  is  broken. 

During  the  passage  of  the  current  there  is  a  very  marked  and  quite 
uresistible  tendency  to  lean  toward  the  positive  pole,  while  objects  in 
Wevr  seem  to  move  in  th'e  same  direction.  When  the  circuit  is  opened 
there  is  a  reversal  in  tlie  direction  of  the  seeming  movements,  and  the 
cJtpcrimenier  instantly  bends  in  the  opposite  direction  toward  the  nega- 
live  pole. 

Fur  these  phenomena  an  ingenious  and  plausible  explanation  is  given 
by  Hitiig.  When  the  current  passes  from  the  forehead  to  the  occiput, 
the  r^ht  and  left  lobes  of  the  brain  and  all  that  pertains  to  them  are 
equally  or  symmetrically  influenced,  and  little  if  any  dizziness  is  per- 
cc»%ed.  Place,  however^  the  anode  upon  one  temple  and  the  cathode 
upcjn  the  other,  and  mark  the  readiness  with  which  dizziness  is  produced, 

In  tliis  operation  the  brain  is  no  longer  symmetrically  affected.  One 
hemisphere  is  in  a  condition  of  anetectrotonost  or  diminished  irritability, 
while  the  other  is  in  a  condirion  of  catelectrotonos,  or  increased  irrita- 
bility, or,  as  it  15  expressed,  there  vs  a  falsiftcation  of  the  muscular  sense, 
a  disturbance  of  the  equiUbrium,  and  the  apparently  involuntary  incli- 
tiaxion  toward  the  anode  is  in  reality  a  voluntary  effort  to  restore  the 
boaginary  loss  of  balance. 

Hitzig  indicates  several  degrees  of  galvanic  giddiness. 

t.  A  mttt  senst  of  fuhttss  m  the  head.  This  feeling  is  caused  by  a 
mild  current  when  broken,  but  not  usually  when  the  current  is  running, 
Dor  50  markedly  when  the  current  is  closed.  Certain  temperaments, 
however,  experience  this  feelitig  not  only  when  the  current  ts  broken, 
but  also  when  it  is  running. 

2,  Apparent  movements.  These  are  produced  by  stronger  currents 
Objcc»»  when  the  current  i*  running  appear  to  go  from  the  positive  to 
the  negative  pole  ;  when  the  current  is  broken  the  apparent  movement 
is  revei  sed. 
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3.  Shi^^g^rhtg.  This  is  produced  by  stronger  currents.  In  irnpresi 
itle  teniperaiiioiits  very  mild  currents  uiay  produce  it* 

Movcmttiti  of  the  Ey£s. — Movtments  i>f  ihc  eyebalU  have  also  bcec 
ob5er>'ed  by  HiCiiig  duriug  the  second  and  ihird  stages  of  dizziness. 
When  a  strong  current  goes  transversely  through  the  head,  and  its 
direclioti  is  changed,  movements  of  the  eye,  rescmljling  nj-stogmus, 
appear.  There  is  a  jerk,  ai^d  then  a  further  luovenieni.  If  the  positive 
(jole  be  in  the  right  mastoid^  and  the  negative  in  the  left,  both  eyes  are 
jerked  toward  the  left,  and  kept  there*  provided  the  current  be  suffi* 
ciently  strong. 

There  are  anatomical  reasons  for  supposing  that  the  brain  can  be 
more  easily  affected  in  the  mastoid  and  occipital  regions  than  in  the 
anlerior  portion.  A  large  vein  connects  the  transverse  sinus  with  the 
posterior  auricular  veins,  and  with  tlie  posterior  meningeal  artery  into 
the  skull  through  the  mastoid  foramen.  In  the  occipital  region  a  vein 
connects  the  transverse  sinus  with  the  vena  cervicalis  profunda  through 
the  posterior  condyloid  foramen.* 

SPINAL  CORD. 

Rigid  cramps  of  all  the  muscles  of  the  trunk  and  extremities  follow 
electrization  of  the  spinal  cord  when  an  electrode  is  placed  at  either 
extremity  of  the  cord.  Cramps  of  the  same  character  are  also  pro- 
duced when  one  electrode  is  applied  to  the  anterior  and  the  other  to 
the  posterior  column,  either  at  their  upper  or  lower  extremities. 

If  the  spinal  cord  be  divided  at  about  its  centre  and  the  lower  half 
electriised,  only  the  muscles  of  the  lower  or  hinder  limbs  will  contract 
If  the  upper  half  be  electrized,  only  the  muscles  of  the  fore  limbs  will 
enter  into  contraction.  The  results  will  be  the  same,  whether  ihe  cut 
extremities  are  separated  or  brought  in  close  contact,  in  which  lattct 
condition  no  impediment  is  offered  to  the  passage  of  the  current. 
The  above  researches  of  Weber  have  been  confirmed  by  Dr.  Beard^s 
experiments  on  dogs  and  rabbits.  The  effects  are  produced  by  both 
currents. 

Inhibitory  Effects.— h\.  the  moment  of  closing  and  breaking  a  gal- 
vanic current  its  action  upon  the  cord  is  manifest  by  the  contraction  of 
the  muscles  of  the  body  and  linabs  ;  but  duriug  the  passage  of  the  ciir- 

*  (^tiaEcd  from  Lusctika  and  Aftatamie  dgs  Menschittj  vol.  ill,  s,  p,  154^ 
Altbaits.    1'hird  edition,  p. 
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t  TiO  contractions  are  observed,  and  a-  paralyzing  effect  *oon  takci 
ptuce.  The  cord  remains  insensible  to  any  stimnkis  that  may  be  ap 
plied  to  it  as  Jong  as  the  current  is  passing,  but  at  its  cessation  any 
nurchatiical  irritation  will  ^ve  rise  to  the  usual  tetanic  convulsions. 
This  diminution  of  excitability  is  confitied  alone  to  the  £;plna1  cord,  foi 
if  ih«  motor  nerve*  and  muscles  are  traversed  by  an  induced  current 
(while  the  cord  is  under  the  induence  of  the  galvanic)  they  contract 
vigorously.  The  galvanic  current  applied  through  the  spinal  cord  for  a 
lung  time  produces  paralysis 

According  to  Mayer,  if  a  mild  faradic  current  be  applied  to  the  cervi- 
cal region  of  frogs  that  are  in  an  irritable  condition,  movements  of  the 
lower  extremities  occur.  Electrization  of  the  posterior  columns  pro- 
duces these  tnoveitients  easier  than  electruation  of  the  anterior  col- 
umns. If  the  posterior  columns  are  removed  no  movements  occur.  If 
the  cord  is  divided  into  halves,  posteriorly  and  anteriorly  from  above 
nearly  down  to  tlie  origin  of  the  sciatic  nerve,  electrization  of  the  pos- 
terior half  produces  movements,  but  electrization  of  the  anterior  does 
not.  If  the  posterior  roots  on  the  trunk  of  the  brachial  nerve  are  elec- 
trtxedt  iJie  movements  are  produced  just  as  when  the  cord  itself  is  elec- 
triited.  Fick,  however,  declares  that  the  anterior  columns  respond  to 
Caradizalion. 

Ciho-sfirtai  C(Htr£. — The  cervical  sympathetic  nerve,  which  animates 
the  radial  fibres  of  the  iiia,  takes  its  ri^e  from  the  spinal  cord  between 
the  seventh  cervical  and  the  sixth  dorsal  vertebrx. 

If  this  portion  of  the  cord  be  galvanized,  the  excitation  is  transmitted 
to  tile  cervical  sympaihecic  nerve,  and  thence  to  the  iris,  producing  dila- 
tation of  die  pupil.  This  point  has  been  termed  by  Budge  and  Waller 
the  centrum  tilh  spinaU,  A  ganglion  near  the  fifth  lumbar  vertebra 
which,  on  being  electrized  in  animals,  produces  contractions  of  the  rec- 
tum and  bladder,  is  called  the  g^tn^Iiiytt  gettitO'spinaU, 

The  first  of  these  pointSi  the  antrum  ct/ia-s/inale^  can  be  demon- 
strated by  external  ap[)Ucation5  both  of  the  galvanic  and  faradic  cur 
rtnts^  and  is  of  great  importance  in  general  faradization.  The  gang/ittn 
ftnifi^spinah  also  is  probably  directly,  though  not  so  demonstraj'tyT 
ifTected  by  external  electrization  of  the  spine. 


CHAPTER  V 


ACnOW  OF    ELECTRICITY  ON  THE  SYMPATHETIC  AND  PNEUMOGASTRIC 

In  order  to  intelligently  appreciate  the  experiments  tb^t  have  been 
made  to  detennine  the  action  of  electricity  on  the  sympathetic  and 
pncumogastric,  it  is  necessary  to  keep  constantly  before  the  mind  the 
following  considerations : 

I.  The  action  of  electricity  on  the  sympathetic  and  pneumogastnc 
must  be  modified  by  the  kind  of  electricity  employed,  by  the  strength 
of  the  current  and  length  of  the  applications,  and  by  the  condition  and 
temperament  of  the  subject  in  which  the  experiment  is  made. 

To  say  that  galvanizing  the  sympathetic  produces  such  and  such 
effect*  is  really  to  give  no  information  whatsoever,  for  at  once  the 
inquiring  soul  raises  the  questions,  How  strong  were  the  currents  used? 
How  long  were  the  applications?  Were  men  or  animals  subjccttfd  to 
the  experiment  ?  Were  they  intact  or  injured  ?  If  animals,  what  kindi 
and  were  the  results  the  same  on  several  animals  of  the  same  kind  ? 

a*  These  ner\'es  can  be  affected  both  by  external  and  internal  appli- 
cations of  electricity* 

The  fact  that  external  electrization  affects  these  nerves,  which  has  by 
some  been  disputed,  is  fully  apparent  from  what  is  known  in  general 
of  the  electro-conductivity  of  the  body,  is  confirmed  by  special  experi- 
ments, and  is  demonstrated  by  observations  in  physiological  and  patho- 
logical cases.  This  is  true  not  only  of  the  cervical  synijiathetic  ganglia, 
but  of  all  the  ganglia  of  the  body.  Known  facts  in  regard  to  the  elec 
tro-conductivity  of  the  body  show  that  none  of  the  ganglia  of  the 
sympathetic  can  escape  the  electric  influence  when  Ihe  current  is  ap< 
phed  over  the  surface  of  the  body, 

3,  The  effects  01  external  application  through  the  skin  on  these  nerves 
cannot  be  expected  to  be  identical  in  kind  and  degre^with  ihe  effects 
of  direct  application  to  the  nerves  themselves.  Although  the  cervical 
ganglia  of  the  sympathetic  and  the  pneumogastric  nerve  are  traversed  by 
the  currents  of  electricity  when  the  electrodes  are  placed  on  the  skin  in 
such  a  position  that  the  current  in  passingfrom  one  to  the  other  finds  these 
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nerves  m  their  pathwajj  yet  on  physical  or  physiological  principles  we 
cuinot  expect  the  same  results  as  when  the  one  or  both  poles  are  di' 
rccOy  applied  to  the  nerves,  In  e^ttemal  applications  it  is  the  derived 
ciurents  that  pass  through  the  nerves,  and  direct  polar  effect  is  not 
gained*  When  we  consider  that  the  currents  in  passing  frout  one  pole 
CO  the  other  diSTuse  themselves  into  nTimberless  undulatory,  diverse  cur- 
rcQCs,  it  is  easy  to  see  that  only  a  small  part  of  the  electric  influence 
nill  be  appreciated  by  such  small  nerves  as  the  sympathetic  ganglia  or 
the  pneumogastric.  In  the  body  between  the  electrodes  the  currents 
act  like  diffused  light  \  at  the  electrodes  the  currents  act  like  Irght  con 
centra  ted  to  a  focus.  If  currents  of  sufficient  power  could  be  borne 
exterDally,  it  is  possible  that  by  single  external  applications  there  could 
be  produced  all  the  effects  that  are  obtained  by  direct  applications  to 
the  nerves  themselves  ;  but  this  is  hardly  pfcbable,  for  the  twofold  rea- 
«Dii  that  the  diifcrentia!  poUr  effect  could  not  be  obtained,  and  that 
the  ^^eat  stimulation  of  each  of  the  electrodes  on  the  surface  would 
complicate  the  expcrinient.  These  considerations,  as  it  seems  to  us, 
safficiently  explain  what  to  many  has  been  regarded  as  a  great  diffi- 
culty— thai  the  ordinary  therapeutical  measures  for  electri«ing  the  syro- 
pathcdc  do  not  produce  the  same  effects  as  direct  applications  to  the 
gwogUa- 

That  the  sympathetic  and  the  pneumogastric  are  traversed  by  the  cur- 
rent when  the  electrodes  are  placed  on  (he  surface  of  the  neck,  is  suffi- 
ciently probable  from  the  known  laws  of  electric  conduction.  When 
one  electrode  is  placed  at  the  nape  of  the  neck,  and  the  other  at 
the  anterior  border  of  tlic  stemo-cleido-mastoid  muscle,  the  current, 
vfaether  Caradic  or  galvanic,  however  widely  it  may  radiate,  and  however 
nomerouathe  branch- currents  may  be^must  by  physical  necessity  trav- 
erse the  sympathetic  and  pneumogastric  There  is  no  more  prob- 
ability  that  it  will  go  out  of  its  way,  in  violation  of  physical  laws,  and 
avoid  these  nerves,  than  that  a  storm  sweeping  between  New  York  and 
Brooklyn  will  take  a  circuitous  march  and  avoid  the  East  River, 

These  nerves^ — the  sympathetic  and  pneumogastric — and  the  tissues 
by  which  they  are  surrounded,  are  good  conductors,  very  much  superior 
in  conductivity  to  the  skin,  and  oi  almost  the  same  conductivity  as  the 
muscles ;  and  even  if  some  branch  or  derived  currents  pass  through 
other  tissues,  as  unquestionably  is  the  case,  these  nerves  cannot  be 
wholly  avoided,  and  when  the  electrodes  are  in  central  positions  they 
are  probably  the  highway  through  which  nearly  the  entire  charge 
passes. 

Bot  stronger  than  the  analogies  of  electro-physics^  and  more  con 


vincing  than  experiments  on  the  tleatl  subject,  are  the  observed  effects 
of  electrization  of  the  neck  in  physiological  and  pathological  cases. 
These  effects,  which  wi!l  be  detailed  further  on,  harmonize  so  closely 
with  all  our  knowledge  of  nervo-physiology,  ami  accord  so  exactly  with 
pathological  observatiun^  as  to  denjonstrate  beyond  doubt,  and  with  aj; 
emphasis  by  which  those  who  observe  cannot  fail  to  be  impresscdt  thai 
the  sympathetic  and  imeumogastric  can  be  affected  by  external  faracti 
nation  or  galvanization  of  the  neck. 

4.  It  is  dtfiicult,  if  not  impossible,  to  affect  the  cervical  sympathetic 
or  the  pnetimogastricby  external  ap|»licailons,  without  at  the  saaic  time 
affecting  the  depressor  nerve,  the  spinal  cord,  or  the  brain,  and  especially 
difficult  IB  it  to  limit  the  action  to  the  pneumogastric  without  at  the 
same  time  affecting  the  sympathetic,  and  z'icf  versa* 

This  conclusion  follows  as  a  logical  result  from  the  anatoraicAl  reU^ 
lion  of  the  parts  and  from  what  is  known  of  the  electro-conductivity  of 
the  bodyt  and  is  pretty  distinctly  demonstrated  by  the  physiological  and 
therapeutical  action  of  the  current  when  externally  applied.  In  what- 
ever position  we  place  the  electrodes,  the  derived  currents,  in  passing 
from  one  electrode  to  the  other,  must  traverse  some  portion  of  both  of  the 
great  nerves.  The  base  of  the  brain  and  the  region  of  the  neck  constitute 
the  most  important  part  of  the  central  nervous  system.  So  far  as  life 
can  be  said  to  have  any  centre,  it  is  hercj  where  the  pneumogastric,  the 
phrenic,  and  the  other  great  nerves  take  their  origin.  Directly  or  indi- 
rcctly^  by  the  actual  passage  of  the  current,  or  by  reflex  action,  any  part 
of  this  important  region  is  liable  to  be  affected  in  the  applications  em- 
ployed m  the  so-called  galvanization  of  the  cervical  sympathetic. 

It  is  partly  on  account  of  this  difficulty  of  limiting  the  action  of  the 
current  to  one  or  other  of  these  great  nerves  that  we  treated  them  both 
under  the  same  chapter.  When  operating  on  these  nerves,  exposed 
and  laid  bare  and  isolated,  the  action  of  the  current  can,  of  course^  be 
limited  pretty  exclusively  to  the  nerve  operated  on.  The  cervical 
ganglia  of  the  sympathetic  receive  the  chief  attention  in  all  these  ob- 
servations, because  they  are  pronunent  and  accessible  and  bear  n 
powerful  and  recognized  influence  over  the  cerebral  circulation  ;  but 
all  the  ganglia  of  the  sympathetic  are  accessible  to  the  electrical  inflti- 
ence. 

Aciion  of  EUdricity  on  the  Cranial  Portion  of  the  Sympathetic. — In 
1727  M.  Pourfour  du  Petit  discovered  that  the  following  symptoms  re- 
jiilted  from  division  of  the  cervical  filaments  of  the  sympathetic  ner/e, 
vii*  :  contraction  of  the  pupil,  redness  and  injection  of  the  conjunctiva, 
and  flattening  of  the  cornea  ;  the  eyelids  approach  each  other,  the 
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tiictttating  membrane  becomes  more  prominent,  the  secrelion  from  Uu 
mucous  surfaces  of  the  eye  is  increased,  and  (he  eyeball  is  drawn  fur- 
iher  into  Llie  orbit.  In  addition  to  these  symptoms,  the  ears  and 
nnsuils  also  become  red  and  injected,  and  the  head  lotler  and  more 
sensitive. 

Claude  Bemanl  observed  that  not  only  did  all  these  phenomena  dia- 
ap|>car  when  the  cranial  portion  of  the  nerve  was  submitted  to  electri- 
zation, but  that  quite  reverse  phenomena  a^ipeared.  The  pnpil  be- 
came larger  than  natural ;  the  conjunctiva,  the  ears,  and  the  nostrils  be- 
came quite  pale  ;  the  eyeball  protruded  from  its  orbit  ;  the  mucous 
surfaces  became  drier,  and  the  head  cooler  and  less  sensitive ;  but  as 
soon  as  eleciri/aiion  was  discontinued,  all  the  phenomena  caused  by 
the  section  of  the  tierve  again  appeared. 

Electrisation  of  the  great  sympathetic  h/or^  it  is  divided  produces 
atino&c  precisely  the  same  results  as  after  division.  It  has  been  ob- 
served by  Weber,  that  if  either  the  inferior  cervical  ganglia  of  the 
sympathetic  nerve  or  its  cardiac  branches  are  submitted  to  electrization, 
the  action  of  iJie  heart  is  accelerated. 

At'ti^n  of  EiecttUity  on  the  Ctphaiie^  Thoracic^  and  Abdominal  Gan- 
gha. — Section  of  the  sympathetic  causes,  as  we  have  seen,  increase  of 
beat  in  the  ear. 

Now  if  ihe  cephalic  end  of  the  divided  sympathetic  is  electrified,  the 
increased  temperature  of  the  part  is  lowered  ;  but  if  the  electric  current 
be  pas^d  through  the  large  diameter  of  the  ear,  the  temperature  is  further 
increased.  On  the  other  hand,  if  there  has  been  no  division  of  tiie 
^rapathetic,  and  the  ear  is  eleclnfiedj  the  heat  in  that  part  is  lessened. 

Valentin  found  that  the  galvanization  of  the  superior  thoracic  gan- 
^ia  revived  tlie  pulsation  of  the  heart  afler  it  had  ceased,  and  increased 
the  freqnency  of  the  beats  when  already  in  action.  Mild  galvanization 
of  the  splanchnic  nerves  that  arise  from  the  six  lower  dorsal  ganglia 
of  Uie  sympathetic  increases,  while  strong  gaWanizatian  diminishefl^ 
the  peristaltic  action. 

Mfft^t  of  direct  Electrisation  of  the  Pneumogasiric  and  on  the  RespU 
reUiPn, — MM,  Arloing  and  Tripier  have  shown  that  section  of  the 
pneuinogastric  below  the  medulla  oblongata  so  far  modifies  its  irrita* 
bility  that  the  action  of  the  heart  is  not  arrested,  or  but  for  a  short  time, 
by  the  faradization  of  the  distal  end  of  the  cut  pneumogastric 

The  same  authors  believe  that  weak  faradic  currents  cause  a  slight 
increase  in  Ihe  rapidity  of  the  beats  of  the  heart  and  elevation  of  the 
blood-pressure  in  the  arteries. 

They  found  that  the  right  pTjeumogastric  has  a  more  powerful  idHu 
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ence  over  the  heart  than  the  left.  FaradkaCiai;  Df  the  i>enpheral  end 
of  the  divided  pneumogastric  causes  arrest  of  the  acticn  of  the  heart, 
sudden  irregtilarities  of  its  rhythm,  and  some  diminution  of  pressure* 
Faradiiatbn  of  the  centra]  end  causes  retarded  and  djJiUDished  pres- 
sure. 

Accordnig  to  MM.  Arloiug  and  Tripier,  faradization  of  the  intact 
pneumogastric  witli  /if^-^/df  currents  does  not  accelerate  respiration;  fara- 
dization with  naedium  currents  causes  sudden  inspiration  and  forced 
expiration  ;  faradisation  with  strong  and  powerful  currents  causes  re- 
flex coughing  and  vomiting.  The  same  observers  found  that  the  left 
pneumogastric  has  a  more  powerful  influence  over  respiration  than  the 
right. 

The  discovery  that  the  right  pneumogastric  has  a  greater  power  over 
die  heart  than  the  left,  was  made  by  Masoin,  of  Belgium,  about  the  same 
lime  as  it  was  made  by  Arloing  and  Tripier.  Masoin  found  the  move- 
ments of  the  heart  were  stopped  by  the  galvanization  of  the  left  pneumo- 
gastric It  was  possible  to  restore  the  movements  by  a  mechanical  ex- 
citation, such  as  striking  the  heart  with  the  finger ;  but  after  the  utove- 
ments  were  stopped  by  galvanization  of  the  right  pneumogastric,  it  was 
not  i>ossible  to  restore  them  in  that  way. 

Dr.  Brown-S^quard  *  states  that  he  has  found  the  same  differences  to 
exist  in  men  as  in  animals,  judging  from  experiments  made  uotby  electri- 
city^  but  by  pressing  on  the  nerves  near  the  angle  of  the  jaw. 

Arresi  of  J^espiration  by  Gahanizaiion  of  the  Laryngeal  and  other 
Branches  of  the  Pneumogasirie* — It  has  been  shown  by  Brown-S6qnardt 
that  electrization  of  the  upper  or  the  lower  laryngeal  nerves  causes 
attest  of  the  respiration,  and  Bidder  has  shown  that  a  reflex  spasm  of 
the  glottis  may  be  caused  in  the  same  way.  Electrization  of  the 
cesophagus  and  pharytiT  may  sometimes  produce  the  same  eflfect  If 
the  upper  laryngeal  nerve  is  electrized  after  the  chest  »s  opened,  the 
arrest  of  the  respiration  does  not  take  place  as  easily  as  when  the 
chest  is  not  open.  The  respiration,  when  thus  arrested,  usually  rc- 
lurna  in  the  course  of  a  quarter  or  half  a  minute,  whether  the  electriza- 
tion is  continued  or  not. 

The  efi^ect  of  ekcirizing  the  pneumogastric  on  the  respiration  is 
modified  by  two  factors — the  portion  of  the  nerve  that  is  electrized 
and  the  strength  of  the  current.  Mild  galvaniiation  of  the  pneumogas- 
tric in  the  lower  part  of  the  neck  may  increase  the  respiratory  move 

*  Artkh^t  of  SeUniiJU  and  Practkal  Mtdkimt   Junuuy^  l^73t  P»  9^^* 
f  Loc  dt.,  pf  96. 
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usents ;  weaJc  eleclrii^atiQn  in  the  upper  part  of  the  neck^  near  the  origin 
oTthe  ncTvc,  may  ajTcst  respiration, 

A  mild  current  may  increase  the  respiration  or  diminish  it,  or  it  may 
have  no  eETect  whatever. 

A  medium  current  may  arrest  respiration  and  cause  spasm  of  the 
glottis  and  of  the  muscles  of  inspiration. 

A  powerful  current  may  paralyze  the  diaphragm,  and  may  produce 
de-ath  without  the  accompanying  symt)toms  of  agony,* 

Coughing. — A  prominent  effect  of  electrizing  the  pneumogastric  is 
fffughing.  This  symptom  may  be  excited  by  external  as  well  as  by 
internal  applications,  and  by  the  faradtc  as  well  as  by  the  galvanic 
curreD 

We  made  our  first  experiments  in  this  direction  in  1867.  Dr.  Rock- 
well then  observed  that  the  application  of  either  pole  of  a  strong  faradic 
current  to  the  uapc  of  the  neck— the  other  pole  being  at  the  feet^  or  in 
cither  hand,  or  at  the  pit  of  the  stomach — excited  in  sensitive  patients 
quite  severe  attacks  of  coughing,  that  lasted  so  long  as  the  pole  remained 
in  position.  Most  cfearly  this  effect  was  seen  in  thin  and  sensitive  pa* 
ticnts.  It  was  not  necessary  to  be  particular  in  regard  to  the  jjosition 
of  the  pole  on  the  neck  in  order  to  excite  this  symptom  \  not  Only  in  the 
cilio-sptnal  centre,  but  even  when  the  pole  is  as  low  down  as  the 
first  and  second  dorsal  vertebrse^  the  laryngeal  branches  of  the  pnea> 
mogastric  may  be  so  irritated  as  to  induce  coughing. 

This  phenomenon  we  daily  observed  in  the  operation  of  general 
famdixation.  The  same  effect  follows  the  use  of  strong  interrupted  gal^ 
vanic  currents. 

According  to  Donders,  the  pneumogastric,  when  acted  upon  by  the 
gah'anu  current,  conforms  to  Pflilger's  law  of  contraction;  in  the 
region  of  anelectrolonos  its  irritabiUty  is  lessened  ;  the  region  of 
catclectrolonos  its  irritability  is  sometunes  increased. 

Aiihn  of  Es^irnai  ApplUaiions  of  EltdrUtty  on  ihi  Pntumogasfru 
and  Cervical  Sympathetic  of  living  uninjured  Men. — ^The  experiments 
above  recorded  were  made  chiefly  on  tlie  exp&sed  nerves  of  animals,  and 
the  applications  were  made  directly  to  the  nerves  by  one  or  both  poles* 
Keeping  in  mind  the  ccnstderationa  previously  adduced,  we  proceed  to 
examine  into  the  eOect  of  external  applications  of  electricity  on  the 
cervical  sympathetic  and  the  pneumogastric  of  living  men  in  health. 

In  our  attempts  to  solve  the  problem,  we  have  experimented  on  a 

•  ArfAJwt  of  ScitntijU  and  Fractkrt  MedUint^  No,  1,  1873,  p>  96.  Whethci 
I  Hew  experiment*  were  performed  with  the  fiiradic  or  ealvamc  current  i*  not  dift 
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large  variety  of  individua-ls  of  diJfeient  ages  and  by  different  metliods  of 
a(>plication*  One  of  the  electrodes  is  placed  in  the  mastoid  fo$^  anj 
the  other  over  the  seventh  cervical  vertebra,  or  at  the  top  of  the  clavicle. 
Both  directions  of  the  current  are  used.  We  used  in  these  experiments 
a  zinc  carban,  or  the  Smec*3  battery,  of  from  s  to  30  cells,  from  i  to  5 
or  10  mniutes. 

The  general  results  of  our  researches  may  be  thus  annimed  up  : 

I,  A  slight  feeling  of  dr<rwsiness.  This  sometimes  began  lo  be  per* 
ceptiblc  shortly  after  the  electrodes  were  applied,  increased  to  a 
certain  point,  and  continued  for  some  little  time  after  the  J^tf/i^**?  was 
over.  In  many  cases  it  is  not  observed  until  the  lapse  of  five  or  ten 
minutes  after  the  siance.  The  feeling,  which  was  by  no  means  con- 
stant,  was  usually  so  slight  that  it  might  not  have  been  observed,  had 
we  not  in  our  cx^>erinients  kept  closely  on  the  watch  for  every  sensa- 
tion experienced  during  ot  just  after  the  application. 

Some  individuals  are  amazingly  susceptible  to  this  soporitic  effect  of 
galvanization  of  the  neck.  A  young  lady  whom  we  were  treating  for 
fiicial  acne  by  central  galvanization,  was  frequently  put  right  to  sleep 
within  one  mimte  after  the  application  began.  Her  eyes  would  close 
and  her  head  would  droop  and  nod  ;  and  when  the  electrodes  were 
removed  she  would  awake  but  slowly,  and  with  a  vacant  look  and 
drowsy  feeling,  such  as  we  all  experience  when  we  arc  suddenly  roused 
from  a  nap.  This  effect  followed  any  soft  of  apph'cation  around  the 
neck  with  either  pole  and  in  any  direction. 

On  the  acceiited  theory  that  a  state  of  cerebral  anemia  predisposes 
to  sleep,  we  should  reason,  d  priori^  that  electrization  of  the  sympa- 
thetic ought  to  induce  a  feeling  of  drowsiness,  since  on  some  individ- 
uals it  unquestionably  diminishes  the  current  of  blood  in  the  brain,  and 
experimentally  we  have  found  that  it  does  thus  induce  a  slight  and 
temporary  disposition  to  sleep,  although  this  result  is  probably  fax  less 
larked  than  it  would  be  if,  without  injury  £0  the  living  subject,  the 
application  couW  be  made  directly  to  the  ganglia,  and  this  effect  is  by 
no  means  uniform,  but  varies  with  the  strength  of  the  currents  and 
with  the  temperament  of  the  individual. 

A  fedittg  <if  warmth  through  the  system  ivith  sensible  perspirati&n. 
This  was  not  a  constant  symptom,  though  it  weis  oftentimes  very 
decided.  To  produce  sensible  perspiration  usually  requires  a  strong 
current  and  a  long  application.  The  extent  to  which  this  was  felt  was 
manifestly  dependent  on  the  strength  of  the  current  and  the  length  of 
the  application.  It  was  usually  felt  but  a  short  time  after  the  siarui 
wsis  completed    We  have  observed  this  effect  more  frequently  and 
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t  markedly  in  the  su&ceptibie  and  nervous  than  in  the  coltl  and 
Tiiatic,  and  most  frequently  in  more  or  less  pathological  cases* 
3,  A  marked  effnt  m  ihe  pulse.    The  pwlsc  was  sometimes  accele- 
rated, but  more  freriuenlly  lowered,  two,  three,  four,  or  more  beats, 

In  ordtr  to  delerjuine  the  effects  of  electrization  of  the  synipatiietic 
on  the  pulse,  we  made  the  examinations  iinmediaieJy  before  and  imme^ 
diately  after  the  applications.  Every  prec:iution  was  taken  to  avoic? 
error,  by  allomng  an  interval  of  rest  before  the  sitting,  in  order  to  give 
liine  for  the  subsidence  of  the  pulse  to  its  natural  condition  from  any 
cjtcilemenE  that  it  may  have  received  from  the  exertion  of  walking  or 
(he  labor  of  partially  disrobing.  In  cases  of  doubt  the  whole  minute 
was  counted,  in  some  instances  several  times  in  succession.  A  patient 
unaccustomed  to  the  sensation  produced  by  the  electric  current,  or  to 
the  modus  operandi  of  its  employment,  might  experience  an  accelera- 
lioti  of  the  pulse  from  simple  mental  excitement,  not  only  prior  to  or 
at  the  commencement  of  Uie  sitting,  but  also  during  or  after  the  appli- 
cation.  Error  frotn  this  cause  was  in  our  cases  manifestly  iniijossible, 
and  all  the  others  on  whotn  we  experimented  with  a  view  to  obtain 
phyiiiological  results  were  50  well  familiari-zed  to  the  medical  employ 
ment  of  electricity  that  they  would  receive  any  treatment  pro|)osed 
with  cool  indifference.  In  order  stitl  further  to  guard  against  error,  and 
at  the  same  time  to  observe  the  continuance  or  permanency  of  the 
effect  of  the  experiments,  we  repeated,  in  some  instances,  our  exami- 
nations of  the  pulse  at  intervals  of  fifteen  njinutes  or  half  an  hour  after 
the  ^ttbg  was  over. 

A  corroborative  evidence  that  the$e  changes  in  the  pulse  were  due 
to  the  action  of  the  current,  and  not  to  mental  excitement,  is  found  in 
the  fact  that,  after  an  interval  of  five,  ten,  or  fifteen  minutes,  the  pulse 
returned  to  its  original  condition. 

These  changes  in  the  time  of  the  pulse  were  also  accompanied  by 
perceptible  changes  in  its  character,  which,  if  careful  sphygmograiihic 
observations  had  been  made»  might  perhaps  have  been  reduced  to  some 
general  law. 

Eulcnburg  and  Schmidt  found  that  when  the  positive  pole  of 
from  twenty  to  forty  of  DantelVs  elements  was  placed  at  the  mafiH" 
h'ium  sf^mi^  and  the  negative  pole  in  the  aiiriculo-maxillary  fossa, 
the  pupil  of  that  side  was  at  hrst  slightly  dilated  and  afterwards  con- 
tracted. These  changes  in  the  pupil  are  by  no  means  uniform  in  ihrit 
appearance.  In  some  cases  they  appear  at  once  af^er  closing  the 
circuit,  and  in  others  after  the  lapse  of  half  a  minute  or  minv*e, 
ard  in  others  after  interruptions.    These  phenomeoa  are  liable  CC 
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maay  variations,  according  to  the  strength,  length,  and  locality  of  th* 
apljlications.  If  an  electrode  is  placed  in  the  auriculo-maxillaiy  fossa 
of  each  side,  the  changes  in  the  pupi]  occur  on  both  sides,  but  are  more 
marked  on  ihe  side  on  which  is  the  negative  pole.  The  same  applica- 
tion, continued  for  some  time  with  a  strong  current,  reduced  the  normal 
pulse  firom  4  to  t6  heats  a  minute  and  the  pathological  pulse  even 
more,  diminished  the  tension  in  the  carottd  and  vertebral  arteries,  and 
markedly  altered  tlieir  sphygmographic  tracings.  The  same  observers 
found  that  galvanization  of  the  spine  also  diminished  the  beats  of  the 
pulse. 

£J^ff/  of  ExUrnai  Ekcirhatwn  through  ihe  neck  en  ihe  Reiinai 
Circulation. — In  order  to  determine  the  effect  of  external  applica- 
tions of  electricity  through  the  neck  on  the  retinal  circulation,  we  have 
made  many  experiments  with  the  aid  of  a  number  of  leading  ophthal- 
mologists. 

Theis  experiments,  which  have  been  frequently  repeated  with  dif* 
ferent  individuals,  with  different  strengths  of  current,  and  with  different 
batteries,  seem  to  us  to  demonstrace  the  following  propositions :  * 

t.  Galvanizing  or  faradi^ing  the  region  of  the  cervical  sympathetic 
has  a  marked  temporary  influence  over  the  retinal  circulation.  It  may 
cause  contraction  of  the  arteries  or  dilatation  of  the  veins, 

2.  The  faradic  current  produces  precisely  the  same  effects  on  the 
retinal  circulation  as  the  galvanic,  only  more  slowly.  The  physiological 
difference  between  the  currents  in  tJiis  respect  is  therefore  a  difference 
of  degree  and  not  of  kind. 

3.  MUd  currents  and  short  applications  caused  contraction  of  the 
blood-vessel  of  the  retina,  while  strong  currents  and  long  applications 
caused  dilatation.  Much  seemed  to  depend  on  the  temperament  and 
condition  of  the  individual.  H^ai  would  cause  €ontra<iton  in  one 
would  in  the  other  cause  dtIaiation.\  These  varying  effects  correspond 
with  clinical  experience, 

4^  When  tiie  patient  on  whom  the  experiment  is  made  b  in  an 
excited  or  irritable  condition  from  any  cause,  or  from  previous  clectri- 
eatiort,  even  a  mild  current  will  sometimes  cause  dilatation  at  once, 
withuut  any  early  contraction. 

*  The  DplitlialmQlQglstt  who  observed  the  ^tUta  in  these  experiments  wer«  Dn. 
Rqos^  Hftckley,  Lcrring^  MfUthewson,  Prout,  and  Ncwtoo,  to  all  of  whom  we  denre 
to  relum  oar  aclcnowledgincots. 

I  The  opposite  and  coDiradictory  results  obtained  by  diAercnt  cbBcnrert  who  h«v« 
itudicd  the  effects  of  chlonU*  bromide  or  potuaiuni,  etc.,  on  the  letLoAl  arcalatioOt 
tsj/  be  simllArly  explained. 
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5,  The  contraction  which  takes  place  is  sometimes  followed^  a  few 
minutes  after  ihe  close  of  the  sianc£^  by  dila  ition  which  is  greater  tliar 
tionnal. 

6*  The  dilatation  which  takes  place  is  sometimes  followed  by  con 
traction  after  the  dose  of  the  siance. 

In  some  of  the  experiments  no  effect  on  the  retina  could  be  detected 
Impressible  and  nervous  temperatnenCs  seem  to  exhibit  changes  in  \ht 
irascular  condition  of  the  retina  much  more  readily  than  cold  and  phlef 
matic  temperaments* 

The  question  now  arises,  Whether  these  changes  in  the  retinal  circu 
lation  were  due  to  the  effect  of  the  current  on  the  syrapathet-C  or  on 
the  pncumogastric,  or  did  they  taJte  place  through  the  spinal  cord  or 
by  reflex  action  ? 

This  question  is  answered  by  comparing  the  results  of  these  experi- 
ments with  the  result  of  experiments  made  by  Duchenne  and  Prof. 
Ltigeois,  of  Paris.  These  gentlemen  laid  bare  the  cervical  sympathetic 
in  a  rabbit,  and  electrized  it  with  both  currents  in  the  same  manner 
that  we  electrized  the  necks  of  the  individuals  on  whom  we  experimented. 
The  results  on  the  circnlation  in  the  rabl>it's  ear  were  in  every  distinc- 
tive feature  identical  with  the  results  on  the  retina  when  the  galvanic 
current  was  passed  through  the  neck  of  the  living  human  subject. 

The  other  effects  of  galvanizing  the  region  of  the  cervical  sympathetic 
—disposition  to  sleep,  sweating,  increased  circulation  in  the  extremities, 
etc.— seem  to  confirm  these  physiological  observadons. 

Thesc  experiments  have  been  partially  confirmed  by  Onimus,  who 
has  shown  that  the  circulation  of  the  retina  may  be  influenced  by 
gatvanization  of  the  cervical  sympathetic.  He  observed  hyperemia, 
but  this,  as  we  ha^^e  shown,  is  not  a  constant  effect 

Experiments  with  (he  Sphygmcgraph. — We  have  made  experiments 
with  the  sphygmograph,  with  the  assistance  of  Dr.  L.  De  Forest  Wood- 
ruff. 

For  assistance  in  t!ie  study  of  sphygmography  we  are  under  Dbligationi 
to  Dr.  Roger  S.  Tracy.  A  few  saiiiples  of  the  observadona  ai  e  repro. 
lecCed  m  the  cuts. 
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Nou.  j> — After  ten  mlnuirs'  galvsniiada&  of  the  «ynipaiheti& 


N&  r  — 'Vfter  Tweniy  tntnutci'  fkndiatioa  of  lympbtluttkL 


From  these  experiments  we  derive  the  following  conclusions  : 

1.  Both  currents-^faradic  and  galvanic — when  applied  in  snch  i 
way  as  to  traverse  the  region  of  the  Deck  in  which  the  pneutnogastric 
and  cervical  gangUa  of  the  sympathetic  are  situated,  markedly  affcci 
the  pulse- 

2,  The  effect  is  chiefly  shown  in  abruptness  of  the  systole,  and  in 
abruptness  of  the  diastole,  and  in  shortening  of  the  interval  between 
the  cariliac  impulse  and  the  arterial  impulse.  In  general  it  may  be 
said  that  the  force  of  the  pulse  is  increased.  Its  rapidity  riiay  be 
either  increased  or  diminished,  according  to  the  length  of  the  appli* 
cation  and  the  strength  of  the  current,  and  analogy  would  le«d  ui 
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believe  that  the  t'ffeel  must  widely  vary  with  the  individual.  The 
lerial  impalse  increast^J  probably  from  ihe  effect  oa  th<!  vaso-tiiotor 
^e;^ve5. 

J.  The  effect  of  general  faraduation  was  to  prolong  the  systole  and 
the  inierval  between  the  cardiac  and  the  arterial  inii)ulse.  The  abrupt- 
ness, ami  ihe  systole  that  is  so  uiarked  during  and  after  faradization 
through  the  neckt  was  not  observed  after  general  faradization.  A  calm- 
ing, sojKsrinc  influence  is  very  frequently  produced  by  general  faradi- 
zation, and  the  effect  on  the  pulse  harmonizes  with  this  observation. 

4,  These  cffecis  ou  the  pulse  gradually  pass  away,  but  are  distinctly 
traceable  for  a  number  of  minutes  after  the  electrodes  are  removed. 

The  effect  of  the  current  thus  applied  on  the  circulation  is  probably 
a  complex  resultant  of  the  effect  of  the  electricity  ou  the  pneutnogas- 
iric,  the  sympathetic,  the  depressor,  and  tiic  spinal  cord.  To  difiTeren- 
tiate  these  effects  is  manifestly  impossible. 

In  this  connection  are  to  be  noted  die  later  investigations  of  Dr. 
Fischer,*  of  Munich,  on  the  effects  of  electrizntion  of  the  sympathetic. 
He  expcnmcntcd  on  horses  and  cats,  irritating  the  nerve  directly^  wi(h 
the  twofald  object  of  studying  the  blood-tension  in  the  cerebral  vessels 
and  the  changes  in  the  size  of  the  pti[>il.  The  general  results  of  these 
cfTorts  confinn  observations  previously  made,  and  especially  our  state- 
ment as  to  the  impossibiiily  of  accurately  .localizing  currents  in  any 
-aiiglia  by  simple  external  applications.  Direct  faradization  of  the 
syu>paihetic  increased  the  blood -pressure  and  tension  of  the  artery,  and 
increased  the  frequency  of  the  pulse.  The  same  phenomena  were  ob- 
«eT\Td  under  galvanization,  but  in  a  less  degree.  Faradization  of  the 
eX|H)bcd  sympad^etic  caused  very  marked  reactions  in  the  pupil,  while 
galvanization  of  the  nerve  produced  comparatively  lilUc  effect.  When, 
bowcver,  the  sympathetic  and  vagns  were  simultaneously  submitted  to 
the  inrtuencc  of  galvanism  the  reactions  of  the  pupils  were  very 
marked.  Simultaneous  faradization,  however,  waa  followed  by  no 
alteratkins. 


CHAPTER  VI. 


ACnOM  OF  KLECTRTCITY  ON   THE  NERVES  OF  SPBCIAL  SEN£R. 

Action  0f  the  Galvanic  Current  on  the  Optic  Nerve^ — The  galvanit 
current,  wheii  applied  to  the  eyct  causes  both  Jtashes  of  ligfit  and  per- 
ception of  color. 

If  one  electrode  is  placed  on  the  tongue,  or  on  any  part  of  the 
mucous  surface  of  the  mouth  or  nose,  and  the  other  on.  any  part  of 
the  surface  of  the  body,  the  flash  is  readily  perceived. 

The  character  of  these  flashes  is  variously  modified  by  the  strength 
of  the  current  and  the  suddenness  of  the  inCemiption.  'I'he  tempera^ 
ment  of  the  patient  also  raodtfies  the  reaction,  and  the  effect  of  the  two 
poles  is  usually  quite  differenL 

We  have  studied  this  subject  with  various  strengdis  of  current,  and  on 
subjects  of  both  sexes  differing  widely  in  age  and  temperament. 

In  one  subject — a  young  man  of  nervous  temperament — the  posidve 
pole  placed  over  the  eye,  with  a  medium  curretit  from  ten  zinc-carbon 
cells,  caused  a  white  central  spot,  with  a  light  areola.  The  white 
central  spot  varied  in  shape  between  that  of  a  quarter  or  half  to  a  full 
moon.  When  the  negative  pole  was  placed  over  the  eye,  the  central 
spot  appeared  of  a  bluish  or  purplish  color^  and  the  areola  was  the  same 
as  under  the  positive  pole.  In  both  cases  the  areola  seemed  Co  consist 
of  waves  of  Hght  radiating  from  the  centre  toward  the  periphery. 

In  making  these  eicperimentg,  the  pole  that  is  placed  over  the  eye  is 
armed  with  a  soft  sponge,  and  is  pressed  firmly  on  the  closed  lid,  while 
the  other  is  applied  at  the  back  of  the  neck,  or  is  held  in  the  hand  of 
the  subject. 

In  another  subject,  a  young  physician  of  good  health,  and  nervo- 
sanguine  temperament,  the  positive  pole  from  a  current  of  six  cells  caused 
a  central  disk  of  a  pink  color,  and  from  this  spot  violet  waves  radiated 
through  the  areola.  The  pink  disk  appeared  when  the  current  was 
closed,  the  violet  areola  Hashed  out  when  the  current  was  broken.  The 
negative  pole  produced  reactions  every  way  similar.  This  subject 
couid  not  bear  very  strong  currents. 
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Several  other  physicians  on  whom  we  experimented  could  not  db 
anguish  any  cenlral  tlislt,  but  all  could  readily  see  the  light  areola. 

The  conclusions  from  the  above,  and  minierous  similar  experiraenta 
made  in  ililfcrcnt  individuals,  are  as  follows  ; 

t.  A  mild  as  well  as  a  strong  galvanic  cnrrent  applied  to  the  eye^  and 
intermplcJ,  cause*  a  tlash  or  glimmer  of  light  to  appear. 

2.  A  nieditim  or  strong  galvanic  current  causes,  in  addition  lo  the 
fiash  of  light,  a  distinct  central  spot  of  varying  shape,  and  both  the 
central  spot  and  the  areola  may  be  of  various  colors^  as  pink,  purple, 
yellowish,  and  violet. 

J*  With  some  individuals,  though  not  with  all,  the  colors  of  the  centra! 
spot  and  of  the  areola,  and  their  relative  arrangeuient,  appear  dif- 
fcretitly  under  tJie  two  poles,  and  also  differently  at  the  closing  and 
opening  of  the  circuit- 

4.  All  those  reactions,  like  all  other  eleclro-physiologica!  reactions, 
tre  variously  modified  by  the  temperament  of  the  individual  operaied  on 
and  by  the  strength  of  the  current. 

The  above  conchisitms,  as  will  be  seen,  differ  somewhat  from  those 
of  Hclmholtz  and  orhers  who  have  studied  this  subject.  The  differ- 
enti:it  action  of  the  ascending  and  descending  currents  we  have  not 
been  able  to  demoiiitraie,  and  see  no  way  of  demonstrating.  We  be- 
lieve that  here,  as  in  so  many  other  electro-physiological  and  electro- 
therapeutical  procedures^  the  differential  polar  action  has  been  con- 
ff^unded  with  the  differential  action  of  the  ascending  and  descending 
currents. 

Although  the  above  reactions  in  their  full  degree  can  be  most  con- 
veniently obtained  by  placing  one  electrode  over  the  closed  eye,  and 
the  other  in  the  hand  or  at  the  back  of  the  neck,  yet  the  general  re- 
action of  the  glimmering  flasli  of  light  can  be  obtained  by  placing  one 
electrode  in  the  vicinity  of  the  eye,  or  on  any  part  of  the  face  or  beard, 
or  in  the  mouth.  In  susceptible  persons  Che  flash  comes  itom  inter- 
rupted galvaniEalion  of  the  neck  or  spine. 

Faradic  Current. — The  current  from  the  primary  or  secondary  coil 
of  the  ordinary  faradic  machines  has  little  or  no  perceptible  effect  on 
Ihe  retina,  as  we  have  demonstrated  by  various  experiments.  We 
have  found,  bowever,  by  repeated  observations,  that  the  current  from 
the  long^  coils  of  the  electro-uiagnetic  machine  manufactured  by  Kidder 
hA*  a  most  decided  action  on  the  retina.  The  pecutiar  construction  of' 
the  coil  of  this  machine  will  be  described  in  the  chapter  devoted  to 
apparatus  for  electro-therapeutics.  It  ts  sufficient  here  to  say  that  it  is 
composed  of  three  or  four  or  more  coils  of  insulated  copper- wire,  die 
Q 
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inward  co»l  bt-ing  short  and  ibick,  and  the  others  gradually  increasin| 
in  the  length  of  the  wires.  These  coils  are  not  separate  and  distinct,  as 
in  ordinary  machines,  but  connected,  and  are,  so  lo  speak,  tapped th« 
ptnnts  of  union,  so  as  to  obtain  a  number  of  currents  varying  in 
quantity,  tension^  and  physiological  power.  It  is  from  the  fourth 
fifth  coils,  which  arc  not  furnished  to  the  majority  ofhissnialicr  machines* 
that  we  obtain  the  reaction  of  the  retina  that  we  are  now  to  describe. 
The  reaction  is  best  obtained  by  placing  a  niedium-siicd  sponge 
electrode,  well  moi&tened,  over  the  closed  eye,  or  very  near  to  the  eye, 
while  the  other  electrode  is  held  in  the  hand  or  applied  to  some 
indifferent  point,  as  the  back  of  the  neck,  or  arms,  or  feet.  With  a 
current  of  moderate  strengdi  thus  api>lied,  a  circle  filled  witli  wavy, 
undulating  lighi,  or  whitish  spots  or  figures^  appears.  It  is  diflicuU  to 
convey  in  language  a  precise  description  of  this  appearance.  If  snow- 
flakes  CfniUl  Uc  elongated  somewhat,  and  made  to  coil  abont  in  various 
direclif^ns,  they  would  give  a  good  idea  of  this  reaction.  If  look 
through  a  window  at  a  thick,  driving  snow-slorm,  with  large  flakes,  we 
can  get  a  not  %"ery  incorrect  notion  of  (he  reacticu,  as  we  have  over 
and  over  again  demonstrated  on  ourselves  and  oihexs.  So  far  as  we 
have  been  able  to  see,  bright  or  variegated  colors  do  not  appear,  except 
from  the  current  of  the  fifth  coil.  The  negative  pole  gives  a  stronger 
reaction  than  the  positive;  but  not  appreciably  different  in  character. 
This  reaction  of  (he  fourth  coil  of  this  machine  is  utterly  unlike  thai 
which  is  obtained  from  cither  pole  of  the  galvanic  current.  Tliis  effect 
has  long  been  shown  by  the  inventor  of  this  machine^  and  has  been 
illustrated  by  him.  We  were  induced  to  question  his  assertions  until 
we  had  first  made  esperinicrnts  of  our  own  with  the  different  coils  of 
the  machine. 

The  Efinct  of  FJectr  'uixl  Irritation  compartd  with  Mtchank^i  Irrita-  ' 
Hm  9f  ttit  Kyt, — It  is  interesting  to  compare  the  reaction  produced 
by  the  galvanic  and  firadlc  currents  on  the  retina  to  the  effects  of 
mechanical  irritation.  ^V^e  have  fmind  by  experiment  on  ourselves 
that  rubbing  the  eyes  when  closed,  or  [lartially  closed,  causes  various 
and  oftentimes  beautiful  appe.irances.  Very  frequently  a  cenEral  s^vot 
will  appear,  varying  in  sh^i-pe  and  color,  and  changing  in  shape  and 
color  during  die  irritation.  All  conceivable  shapes,  and  every  grade 
of  color,  we  have  seen  in  this  way  over  and  over  repeated  ;  someliniei 
a  mere  circle  of  light  sh^vding  off  into  darkness,  and  again  a  definite  and 
welUforrned  object,  hnlliant  in  color  starvling  forth  clear  and  beautiful 
against  tiie  dark  background.  P'ornis  resembling  a  bouquet  of  (lowers, 
or  a  cluster  of  stars,  or  various  shapes  of  crystals,  app«ar  witli  sue] 


s  that  wc  love  to  prolong  the  ejcperiment.    Simp  e  pressure  oa 
of  the  eyeball  will  cause  reactions  somewhat  similar  in  kind 
(thoogh  les3  in  degree)  to  those  i>roduced  by  the  faradic  current 

Th«e  reactions,  however,  are  not  constant;  they  vary  greatly  with 
the  tndivulualv  and  with  the  same  individual  at  different  times.  In 
er  to  obtain  the  most  beaiuifnl  appearances,  it  is  necessary  to  tirst 
k  for  a  ntoinent  on  bright  light,  or  to  have  the  eyes  open  in  the  full 
sunlight.  It  would  seem  that  the  retina  must  first  become  sensitive, 
by  exi)Osure  to  strong  light,  before  the  reactions  can  appear  in  their  full 
extent. 

Adieu  of  Ehctrkih  cn  the  Auditory  Nerve  ;  Action  <*f  the  faradic 
Current. — The  faradic  current,  when  applied  lo  the  car^  or  in  the 
Vicinity  of  the  ear,  causes  a  ringing,  or  humming,  or  rumbling  sound, 
according  to  the  method  of  application  and  the  strength  of  the  current. 
These  sounds  are  due^  in  part,  to  the  ^ffsurri  of  the  muscles. 

Aetififi  cf  the  G^hafiit  Cf/rr^»i.~To  the  galvanic  current  the  audi- 
tory reacts  by  certain  fixed  laws. 
This  normal  fomnib  is  as  follows  ; 
Ka  S  Kl,  distinct  accented  sound. 
Ka  n  Kl      sound  disappuaring  by  degree*, 
Ka  O  — ,  no  sensation  of  sound. 
An  S 

An  D  " 

An  O  Kl,  weak  and  short  sound,  similar  in  character  to  Ka  S. 
In  the  above  formula,  K.a  =  Kathode  (negative  pole)*  An  =  Anode 
«tive  pole)*  S  =  closing  (schliesung),  O  =  opening  (oeffnung),  D 
^  duration  of  currenL 
Pf  =  whistling  sound. 
Kl  =  ringing  " 
Z  =  hissing 

The  sensations  with  Ka  S  appear  sooner  and  stronger  than  with 
An  O. 

Thi*  formula,  it  will  be  observed,  harmonizes  with  the  law  of  elec- 
frnionos  (see  p.  it  i),  and  Pflilgi-r's  contraction  law—lhat  "a  nerve  is 
sttmuhied  by  the  appetxrmue  of  cafi^lfftrot&nps  and  the  dimppearance  of 
anetedrotmos  ;  not^  hotvri'er,  hy  the  disappfuranfe  of  cateleftrotoifos  and 
the  appearanet  of  artdecirotottos.    {See  p.  116K 

Although  the  character  of  sounds  varies  with  the  strength  and  contin. 
uxncc  of  the  current  and  w!th  the  individual,  yet  in  the  healthy  ear  the 
polar  fffcfix  never  vary. 
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There  is  never  any  sensation  of  sound  with  the  closing  of  tht  anodi 
(An  S),  ex(  spt  in  pathological  conditions. 

The  polar  effect  is  therefore  the  leading  effect,  and  the  direction  of 
the  current  through  the  auditory  nerve  appears  to  have  no  demonstnu 

ble  influence. 

The  use  of  the  rheostat  and  the  changes  in  the  reactions  that  are 
made  by  interposing  the  various  grades  of  resistances  in  the  circuit  are 
represented  in  the  following  experiments  of  Brenner :  • 

The  experiment  was  performed  on  a  healthy  ear  that  had  been  cured 
a  short  time  before  of  a  catarrh  of  the  middle  ear.  The  number  of 
elements  is  in  Jioman,  the  number  of  resistances  in  Arabic, 


XX  10-80  gave  no  reaction. 
XX  90-130  KaS— Buzzing  of  flies 
very  short 

KaD  

KaO  

AnS   

An  D  

An  O  

XX  1 30-1 70  Ka  S — Stronger  buzz- 
ing. 

Ka  D— Same. 

KaO  

AnS   

An  D  

An  O  

XX  180-250  Ka  S — Distant  rum- 
bling of  wag- 
ons. 

Ka  D— Same. 

KaO  

AnS   

An  D  

An  O — Buzzing  of 
flies. 

Erb  f  gives  the  following  result  of 


XX  260-400  Ka  S — ^Rumbling  ol 
cannon* 

Ka  D— Same  > 

Ka  O  

AnS   

AnD  

An  O — ^Rumbling  ol 
wagons. 

XX  410-550  Ka  S — Striking  of  me- 
tallic plate. 

Ka  D— Same  > 

KaO  

AnS   

An  D  

An  O — Rumbling. 
XX  560-    Ka  S — Sharp  ring  like 
a  silver  table 
bell. 

Ka  D— Same  > 

KaO  

AnS   

An  D  

An  O — ^Weaker  and 
shorter  ring 
ing. 

experiments  on  himself: 


*  Op.  cit..  Band  i.,  p.  105. 

f  Archiv  Ophthalmolos^y  und  Otolog.    Vol.  I,  No,  I,  146. 


to  EI  Ka  S  Kl 


Ka  D  Kl  > 

Ka  O  

AnS   

An  D 
An  OKI 


8  and  6  El  Ka  5  Kl 
Ka  D  — 
Ka  O  — 
AnS  — 
An  D  — 
AnO  — 


Oq  another  patient,*  50  years  of  age,  he  obtaioed  the  following  re- 
MtioD  with  accom|>anying  synipcoms  of  pain  and  facial  contortions : 

&  £1  Ka  S — Clear  whistling,  slinging  pain  and  facial  contortions. 
Ka  D — Gradually  disappeared. 
Ka  O — No  sensation* 
An  S — Violent  pain. 
An  D — Pain  remains. 

Ad  O — Short  and  weak  whistling ;  slight  facial  convulsions  witii 
10  E]  I  the  same  formula  gave  still  louder  sensations 
of  sound,  but  the  accompanying  pain  was  very  severe. 

Srenner  f  gives  the  following  reaction  in  a  healthy  man : 

Stuuc  patient  treiati:<l  by  q,  itmiufcr  cuiTcnL 

Ka  S — Sharp  ringing. 
Ka  D—    "  " 

Ka  O  

AS  — 

AD    [ing. 

AO— Weaker  and  shorter  ring- 


Ka  3 — Rumbling  of  cannon. 
Ka  D—       "  " 

Ka  O  

AS   

AI>   

AO — Rumbling  of  wagons. 


The  variations  of  the  tone  with  the  difference  of  the  curreut  are  re^v 
re^nted  in  the  following  experiment  of  Brenner:  J 

XX   10  Ka  S  K, 
20  Ka  S  K. 


30  Ka  S  K. 
40  Ka  S  K'. 
SO  Ka  S  K', 
60  Ka  S  K', 
70  Ka  S  K". 
80  Ka  S  K". 


With  ADfrde  opeitiae-  (An  04 
XX  30  A  O  K. 
40  A  O  K- 
50  A  O  K. 
60  A  O 
.  70  A  O  K. 
«o  A  O  K', 
90  A  O  K'. 
100  A  K', 


Reatii&ns  produced  directly  and  not      Reflex  Action. — ^We 


dt,  p.  250.  t  Op*  P-  %  ^     -  P- 
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rlioroughiy  agree  with  IlrL'nncr  and  Kxh  that  these  reactions  of  ihc  audi 
toi)'  nerve  are  obtained  by  tlie  direct  action  of  the  current  on  the  nerve, 
and  not  by  rafitx  action  tlirough  the  trigeminus.  This  view  is  proved 
by  the  general  fact  of  the  coiiductibility  of  the  tissues  of  the  brain  (&ec 
chapter  on  that  subject),  by  the  fact  that  even  when  die  trigetiiinus  is 
paralysed  the  reaction  may  yet  occur,*  and  by  the  fact  that  when  the 
electrode  ib  t>l^*^^d  in  a  condition  favorable  for  the  entrance  of  the 
current  into  the  ear,  the  reaction  is  more  decided  than  when  the  elec- 
trode is  placed  in  a  condition  favorable  for  the  excitement  of  the  trige- 
minus, but  unfavorable  for  the  direct  entrance  of  the  current,  as  has 
been  conclusively  shown  by  Erbf  and  by  oursclves.J  We  have  removed 
the  pole  from  the  tragus  to  the  malar  bom  and  tht  chitk^  both  af  which 
t^inti  are  highly  favor abh  for  the  excitation  of  the  trigeminus^  and 
have  found  that  with  removal  the  reaction  diminished  or  disappeare-i. 

In  order  to  obtain  tlut  normal  formula,  the  folto^ving  conditions  are 
neces:iary  : — 

1.  Convenient  galvanic  apparatus^ 

A  very  powerful  galvanic  battery  is  not  needed.  The  rat^ge  of  ele- 
ments to  which  the  auditory  nerve  sensibly  reacts  is  between  a  to  30.  In 
some  cases  quite  strong  currents  are  necessary.  TJie  galvanic  batteries 
and  electrodes  described  in  this  work  are  adapted  for  these  investiga- 
tions. There  should  be  a  current  reverser  ;  and  a  rheostat,  though  not 
exactly  indispensable,  is  yet  very  convenient, 

t.  A  right  method  of  application^  and  practice  in  using  it 
On  the  whole,  the  best  method  of  application  to  produce  these  reac- 
tions is  the  external  arrangement,  in  which  one  pole  is  firmly  pressed 
on  the  tragus  (the  car  external  auditory  canal  having  been  previously 
filled  with  warm  salt  water),  while  the  other  is  held  in  or  fastened  on 
the  hand  on  the  opposite  side.  Any  convenient  electrodes  may  be 
used  for  these  purposes^  So  long  as  tlie  pole  whose  specific  effect  we 
desire  to  produce  is  on  the  righi  ilace  in  the  ear  or  on  the  tragus,  the 
position  of  the  other  electrode  i&  uut  absolutely  essential,  provided  it 
is  somewhere  on  the  opposite  side,  so  as  to  alhiv  the  asrrent  i0  pass 
through  the  auditory  nen>e.  It  is  difficult  or  impossible  to  get  the 
reaction  while  the  pole  is  on  the  mastoid  process  of  tlie  same  side.  It 

*  Vide  Moo^  <ax,  above  quoted  b  ArdiEv  Ophth.  imd  Otol,  voL      No.  2, 
f  ArchivOphLh.  und  Otol>  voL  I.  No.  1.,  p.  a6i  et  seq. 

t  For  a  detailed  discussion  of  this  i  ibjecrtj  see  Brenner's  work,  Bud  I,  1  Abth 
p.  94,  et 
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has  been  shown  that  when  both  pokb  are  placed  in  the  audnory  canal, 
bjr  means  of  a  double  electrode,  the  auditory  nerve  leacts  to  ihc  nearer 
[K>le. 

A  num^rr  of  inteUigent  and  practhfd  patients  -with  both  healihv  ana 
'  eased  €0rs. 

The  advantages  of  intelligence  on  the  part  of  a  patient  are  obvious  ; 
iust  a5  in  investigating  electro-muscular  sensibility,  it  is  necessary  to 
depend  entirely  011  the  statements  of  the  patient  for  Our  in  formation* 
Even  liie  strang-mintted  and  iiiCelligent  are  sometimes  so  distressed  by 
the  pain  produced  by  the  applications,  or  so  distracted  by  the  sensa- 
tiotii  of  dmintss^  and  tlie  cmtracitons  cf  the  facial  musdes,  that  they 
are  unable  lo  rightly  interpret  their  subjective  sensations  in  the  car. 
It  is  necessary  that  the  experiments  should  be  made  on  a  number  of 
paitent&,  in  order  to  obtain  the  variety  of  reactions  above  described. 

h  is  best  aUo  to  make  the  first  experiment  on  patients  who  have 
diseased  ears,  for  it  is  as  true  of  the  anditory  as  of  the  nasal  passages 
lhai  tliey  sometimes  bccotne  less  sensitive  when  diseased.  This  is  to 
be  explained  partly  by  the  niani[>ulations  and  treatment  to  which  such 
clients  become  accustomed,  and-  partly  by  the  fact  that  the  morbid 
process  itself  produces  callousness  of  the  parts* 

The  operator  should  proceed  calmly  and  with  self-command.  After 
the  patient  is  m  position,  with  his  head  inclined  on  the  back  of  the 
ctiatr  or  lounge,  and  one  of  the  electrodes  fastenetl  to  or  held  in  the 
hand  opposite  ihe  ear  to  be  experimenred  on^  a  little  warm  salt  water 
should  be  dropped  in  {which  can  be  very  conveniently  done  by  squeei- 
ing  the  small  quantity  necessary  to  hll  the  external  auditory  canal  from 
2  small  sponge  or  from  a  teaspoon  or  funnel  shaped  glass  *)  and  the 
other  electrode  firmly  pressed  on  the  tragus.  It  is  well  to  begirt  with 
a  small  number  of  elements,  and  j^radualiy  increase  until  a  reaction  is 
obtaineti  The  reaction  will  usually  appear  when  the  current  is  btrong 
enough  to  produce  contractions  of  the  facial  tmiscles.  The  patient 
sliould  all  the  lime  be  continually  and  reptatediy  questioned  in  regard 
to  the  sensations  experienced,  especially  if  he  is  unaccustomed  to  the 
treatment,  for  at  first  he  may  be  so  distracted  by  tht  flashes  of  light 
before  ihe  eyes^  the  eontradtons  of  the  facial  muscles^  the  nausea^  ih4 
mctallU  taste^  and  th^  noise  etf  the  water  in  the  car^  and  especially  by 
the  paim^  that  he  may  be  unable  at  first  to  distinguish  the  true  character 
of  Ihe  reacdon. 

*  It  t»  well  to  placti  &  towrl  About  the  necV,  jiist  «$  when  syniigfng  th«  e«r«  n 
k»  to  iToid  wcitmg  the  cottar  or  other  cloihl:]^  of  thepatlcnL 
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ir  the  baUery  provided  with  a  commutator^  for  incieasing  aao 
diminishing  the  number  of  elements  brought  into  requisition,  ^current 
reversfr  tor  changing  the  direction  of  the  current  without  removing  the 
poks,  and  a  rhtostai  for  introductng  reshtamis  into  the  circuit,  the 
labor  of  the  operator  will  be  materially  Ughtened ;  but  tsck  applian^a 
ate  n&t  indispensable. 

The  operator  should  remen^ber  that  the  reactions  are  modi6cd  by  the 
experiment  itself,  {a.)  Ka.S  is  most  effectual  after  An.S*  Therefore 
the  use  ^{voiiaU  alternath'es  is  of  service. 

(^,)  l^he  excitability  of  the  nerve  is  increased  by  long  closure  of  catli- 
ode  (Ka,a)* 

(cJ)  The  excitement  of  An.O.  increases  with  the  strength  of  the  cur- 
rent and  the  length  of  closure. 

It  should  be  remembered  also  that  Ka.S.  is  stronger  aod  quicker 
than  An.O. 

Judging  from  our  own  researches  in  this  department  these  three  lead- 
ing  statements  of  Brenner — that  the  auditory  nerve  reacts  to  the  nearest 
electrode  tn  a  regular  manner,  that  in  health  sounds  of  ^ome  kind  are 
produced  at  the  closing  atid  in  the  duration  of  the  cathode,  and  that  in 
pathological  cases  a  part  of  the  normal  formula  is  more  or  less  changed 
—arc  capable  of  sufficient  and  easy  demonstratioit  to  those  who  arc 
thoroughly  familiar  with  electro-therapeutical  experimentation. 

On  ihe  other  hand,  some  of  the  special  features  of  Brenner^s  system 
offer  dlfftcidties  in  the  way  of  their  successful  and  uniform  demonstra- 
tion that  qan  unly  be  overcome  by  careful  practice  iu  this  special  de- 
partment. To  catch  thti  sounds  which  in  health  are  heard  at  the  open- 
ing of  the  anode  ;  to  distinguish  between  the  noise  caused  by  the  agita- 
tion of  the  water  in  the  ear,  and  the  subjective  sounds  that  are  so  fre- 
quently the  symptoms  of  disease  of  the  auditory  apparat\is  and  the  genu- 
ine reaction  of  the  auditory  nerve;  to  obtain  the  complete  normal 
formula  in  health,  and  to  satisfactorily  discriminate  between  the  various 
abnomial  reactions  of  disease — the  first  attempt  to  fully  corroborate  aU 
the  assertions  in  these  particulars  will  usually  result  in  complete  or  par- 
tial failure,  especially  to  those  who  are  unfamiliar  with  the  use  of  gal- 
vanic apparatus. 

Degrees  of  Irritability, — Brenner  distinguishes  three  different  de- 
grees of  irritability  of  the  auditory  nerve,  according  to  the  number  of 
elements  that  it  takes  to  excite  the  reaction.  The  degrees  of  irritability 
may  be  changed  during  the  sitting  by  the  effect  of  the  current  on  the 
nerve,  and  especially  by  the  voltaic  alternatives. 

llius,  if  at  the  beginning  of  the  sit  ing  the  nerve  reacted  to  i6 
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inents^  but  to  no  number  less  than  that,  these  16  elements  would  repre 
sent  the  priraarj-  irritability  of  that  nerve. 

If  by  various  alternations  of  the  current  the  nerve  U  brought  into  a 
coodiiion  that  it  reacts  to  I3  elements^  tliese  12  elements  represent  the 
U€0ndary  irrttabtHty  of  that  nerve. 

by  still  further  excitation,  the  nerve  is  made  to  react  to  jo  ele- 
ts,  these  10  elements  represent  the  tertiary  exittahility  of  that  nerve. 
In  opposition  lo  the  above  conclusions  Or  Wreden,  of  St.  Peters- 
burg, has  made  a  number  of  experiments  which  seem  to  him  to  establish 
that  the  sounds  heard  during  galvant/ation  of  the  ear  are  due  not  to 
Ihe  reaction  of  the  auditory  nerve,  but  to  the  contractign  of  the  smaU 
musHes  of  the  miJdh  tar.  In  bis  expt^Hments  he  electrized  the  Eusta- 
chian tube,  through  the  catheter,  and  aUo  the  middle  ear,  by  means  of 
small,  delicate,  and  finely  graduated  sounds  insulated  to  their  points. 
He  believes  that  by  this  method  he  causes  contraction  of  the  tensor 
tympani  and  of  die  stapedius^  through  irritation  of  the  fifth  and  seventh 
nerves.* 

Wredcn  asserts  tnat  during  electrization  by  these  methods  the  mem- 
brana  tympani  is  retracted,  and  believes  that  this  retraction  is  caused 
by  the  contraction  of  the  muscles.  This,  however,  has  been  denied  by 
Poorten.  To  settle  this  question,  Lowenberg  devised  a  maiwmtter<, 
which  constMs  in  a  bit  of  cork  or  nibber  fitted  into  the  external  meatus 
hermetically,  am)  receiving  htTnictically  a  capillary  glass  tube  which 
contains  a  drop  of  colored  liquid.  The  external  meatus  is  filled  with 
ter,  which  is  connected  with  one  of  the  poles  of  a  faradic  machine, 
while  the  other  is  ai^plied  to  the  skin  by  a  sponge  or  tbrotjgh  the  Eusta- 
chian tube.  \Vhen  the  niembrana  tympani  is  retracted  by  the  action 
of  the  current,  the  drop  of  colored  water  indicates  this  retraction  by 
Tailing,  when  it  is  pushed  outward,  by  rising. 

Admitting  to  the  full  all  that  has  been  claimed  by  Wreden  and  Low- 
cnbcrg,  we  do  not  see  that  it  proves  that  the  supposed  complex  reac- 
tions of  the  auditory  nerve  to  electricity  are  nothing  more  than  muscu- 
lar contractions.  Admitting  that  in  some  cases  where  the  membrana 
tympani  is  gone,  the  reactions  are  not  obtained,  still  the  fodowing  con- 
siderations are,  to  our  mind,  convincing : 

1.  The  reactions  of  the  galvanic  current,  when  applied  to  the  ear,  are 
frequently  similar  to  some  of  the  sounds  of  tinnitus  aurium.  They  are 
sometimes  so  much  alike  that  they  cannot  be  distinguished. 


*  A  r^samj  of  thli  subject  U  presented  m  Dr,  Roosa'i  work  od  DUt<ut*  tftht 
P'*.  493-495- 
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3.  Tlit?  dtfifcreuiial  polai  eflfecU  of  the  galvanic  c  irrent  on  the  eax 
wnich  are  very  easy  of  deiiionstration,  cannot  be  explained  by  any 
theory  of  muscular  contraction. 

3,  Sortie  of  the  reactions  are  produced  by  the  steady  action  of  the 
galvaaic  currentj  without  any  intLTrtiplion,  and  with  a  strength  not  suffi- 
cient to  produce  muscular  contraction  ;  while  it  is  tnie  that  certain 
reactions  in  sorue  cases  require  strong  and  interrupted  currents,  it  \%  not 
true  of  all  of  Uiem. 

4.  A  reaction  of  the  auditory  nerve  shnilar  to  some  forms  of  tinnitus 
can  be  obtained  in  some  sensitive  cases,  not  only  by  galvaoiiatton  ol 
the  ear,  but  of  the  otiver  parts  of  the  h<:ad,  and  even  the  trunk. 

We  have  had  a  patient  who  complained  every  time  we  galvanized 
the  spine  that  buzzing^  hissing  sounds  were  excited  tn  his  ear*  Simi- 
lar sotinda  are  produced  hy  galvanization  of  the  ear.  The  effect  in 
this  case  was  probably  refJex. 

All  these  considerations  convince  us  that  the  variety  of  soimds  pio- 
duced  by  galvanization  of  the  ear  is  due  to  the  excitation  of  the  au- 
ditory nerve,  and  that  this  excitation  may  be  both  direct  and  reftex. 
We  are  fully  aware,  liowever,  that  for  the  present  this  fact  has  agreatei 
interest  for  the  electro-phy&iologist  than  for  ihe  electro-therajieutisL 

Olfactory  Nervt. — We  have  observed  in  frequent  expenmenting  on 
ourselves  that  the  negative  pole  of  a  strong  galvanic  current  applied  to 
the  Schneiderian  membrane  caused,  in  certain  sensitive  localities,  an  odor 
much  resejnbling  sulphuretted  hydrogen.  The  odor  observed  in  the  neigh- 
borhood of  docks  will  perhaps  siiggcst  the  peculiar  character  of  this  re^ 
action  more  than  any  formal  description^  This  reaction  is  obtained  only 
when  a  powerful  current  is  used.  It  is  obtained  at  the  opening  of  the 
circuit,  while  the  circuit  is  closed  and  for  some  little  time  after  tlie  circuit 
is  opened.  We  have  found  that  this  peculiar  reaction  varies  touch  with 
the  individual,  and  with  the  same  individual  at  different  limes.  A  sen- 
silivCf  or  even  an  ulcerated  condition  of  the  mucous  membrane  woidd 
seem  to  form  it.  Although  we  are  frequently  treating  cases  of  rhinitis 
(nasal  catarrh]  by  internal  galvanization  with  metallic  electrodes,  yet  our 
patients  never  speak  of  this  peculiar  odor.  The  mucous  membrane 
of  the  nasal  passages  is  very  sensitive,  and  in  ordinary  therapeutical 
applications  only  gentle  currents  will  be  bomcT  whereas  this  reaction  ol 
the  olfactory  nerves  demands  powerful  and  painful  currents. 

I'he  differential  reaction  of  the  ixisitive  and  the  negative  pole  of  the 
ascending  and  descending  currents  that  were  Ior»g  ago  claimed  by  EJt- 
ter,  we  have  not  been  able  10  confirm.  The  phenomenon  of  snceJting,  or 
%■  disposition  to  sneeze,  of  which  Fitter  spoke,  is  due,  not      any  rcac 
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ion  of  the  olfactory  nerve,  but  10  the  mechanical  irritation  of  the  sen 
sory  nerves  by  the  electrode.  Snee/ing,  as  all  aurists  kiiowj  is  callird 
foitli  by  a  single  introduction  of  the  Eustachian  calheter,  and  we  observe 
it  coniimially  in  introducing  the  nasal  eWctrode.  It  is  observed  most, 
however,  just  as  tlie  ckctiode  is  being  inserted  ;  and  when  the  curreut  is 
runnings  the  sjEniJtom  does  not  usually  annoy  us.  The  action  of  a  gentle 
(Uirrent  on  tJie  sensory  nerves  of  the  nasal  passages  seems  rather  to  have 
•cdativc  effect,  and  in  a  measure  counteracts  the  tendency  to  sneeze 
that  is  excited  by  the  mechanical  irritation  of  the  electrode. 

Schdnbein  suggests  that  the  peculiar  smell  experienced  from  the  pas- 
sage of  the  electric  current  through  the  olfactory  nerve  is  caused  by 
oacinc  that  is  generated. 

This  i>eculiar  odor,  observed  in  [powerful  galvanizatioa  of  the  nasal 
passage,  is  unquestionably  due  to  the  reaction  of  the  nerve  to  the  elec- 
*cai  stimulus,  and  corresponds  to  the  effects  produced  by  the  same 
cnt  on  the  nerves  of  seeing,  hearing,  and  tasting. 
Kranklinic  electricity,  electro-tnagnetism,  magneto  electric) ty,  are 
unable,  in  any  strength  that  can  bt;  endured  by  a  persoi^  in  healthy  to 
excite  the  |iccijliar  reaction  of  the  olfactory  nerve. 

Aiihn  ^/  Ekvtrieiiy  &n  Ihe  Gustatory  Ntrve^Afhon  of  tht  Galvanic 
CurrcHi. — In  1754,  long  before  the  discovery  of  galvanism,  it  was 
noticed  by  M,  SuUer  that  lead  and  silver,  when  connected  and  then 
brought  in  contact  with  the  tongue^  gave  rise  to  a  peculiar  taste  similar 
to  that  proikiccd  by  vitriol  of  iron*  If  ive  at>ply  a  piece  of  zinc  to  the 
u]>pef,  and  one  of  silver  to  the  lower  part  of  the  tongue,  a  powerful  acid 
taste  will  be  experienced  under  the  zinc  plnte,  and  a  slight  alkaline 
ta$te  under  the  $ilver  plate.  These  sensations  are  perceived  as  long 
as  the  circuit  is  closed  ;  but  if  Ihe  plate  or  the  tongue  be  warmer  01 
colder  than  natural,  or  very  much  benumbed  by  acids  or  other  irritating 
substances^  very  little,  if  any,  sensation  i:^  produced.  If  the  tension  oJ 
tlie  current  be  much  increased,  by  using  several  pairs,  the  tongue  be- 
comes convulsed  and  a  flash  of  light  is  perceive<i.  When  neither  of  the 
electrodes  touches  the  tongue,  a  metallic  instead  of  an  acid  or  alkaline 
taste  is  produced 

Tlie  peculiar  reaction  of  the  gustatory  nerve  to  the  current  is  gen- 
erally described  by  those  on  whom  we  have  experimented  as  *'  cop- 
per^'/* or  **  sour,"  or  *'  metalltc,"  or  *'  bitter."  Sour  or  coppery  are,  we 
believe,  the  designations  most  frequently  employed  by  those  persona 
who  experience  the  sensation  for  the  &rst  time,  and  who  have  no 
Aeories  in  the  matter  to  prove  or  disprove,  and  who  therefore  are 
likely  to  give  their  real  impressions.    If  we  ask  them  whether  they  have 
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a  Uste  in  the  mouth  while  the  current  is  passing,  they  usually  reply  thai 
the  taste  is  sour  or  coppery,"  and  sometimes  they  may  call  it  "  bitter." 
If  we  ask  them  whether  the  taste  is  **  metallic/^  they  usually  reply  in  the 
affimialive.  Our  observations  on  this  subject  have  been  very  numer- 
Otis,  and  they  have  been  made  with  both  currents*  It  is  not  necessary 
to  send  the  galvanic  current  through  the  tongue  or  through  the  chorda 
tympani  nerve,  or  through  the  face  even ;  for  galvanization  of  the  neck 
in  the  anterior  and  posterior  regions,  and  of  the  head  in  almost  any 
direction,  and  of  the  spine — the  lower  as  well  as  the  upper  region — ^will 
be  felt  in  the  gustatory  nerve. 

This  metallic  taste  h  felt  almost  as  soon  a$  the  galvanic  current  is 
dosed,  grows  stronger  while  the  current  runs  up  to  a  certain  point,  and  is 
sometimes  felt  for  several  minutes  after  the  electrodes  are  removed* 
In  some  temperaments  on  which  we  have  experimented,  tlie  metallic 
taste  remains  on  the  tongue  for  several  hours,  and  even  all  day,  and 
longer. 

In  susceptible  tejuperaments  the  faradic  current  produces  in  a  less 
degree  this  metallic  taste,  and  that,  too,  not  only  when  applied  to  the 
tongue,  but  also  the  head,  neck,  and  spine.  In  the  operations  of  cen- 
tral galvanization  this  reaction  of  the  gustatory  nerve  becomes  of  con- 
siderable value  in  showing  us  that  the  current  is  passing  as  we  wish  tt» 
and  that  tlie  patient  is  receiving  all  tliat  is  well  for  him.  The  gustatory 
reaction  thus  answers  the  purpose  of  a  galvanometer,  showing  that  the 
current  h  passings  and  to  a  certain  degree  regulating  the  dose* 

There  is  little  doubt  that  this  metallic  taste,  caused  by  electrisation, 
IS  due  to  a  peculiar  excitation  of  the  properties  of  the  gustatory  nerves 
by  the  stimulus  of  the  ciurent* 

The  theory  that  it  might  be  of  an  electrolydc  character,  and  therefore 
explained  by  the  products  of  decomposition  at  the  poles — acid  at  the 
positive,  and  alkalies  at  the  negative— Rosen lial,  by  a  variety  of  ex- 
pehmentSf  has  shown  to  be  untenable. 


CHAPTER  VII. 


ACTTOK  OF  ELECTRICTTY  ON  MOTOR  AND  SENSORY  NERVES  AND 
VOLUNTARY  MtJSCLES, 

IrritahUify  ef  nen^es  and  muscles  is  that  property  by  virtue  &f  whUh 
th<y  tGni^uci  the  naiurat  stimtdus  of  the  body^  or  external  impnsswnSj 
9r  respi^d  ie  artificial  stimulation. 

Nerves  and  muscles  are  called  irritable  so  long  as  they  retain  this 
property.  Irritability  of  the  nerves  is  a  property  inherent  in  them. 
No  other  ti&sue  except  nerve  tissue  possesses  thb  property. 

During  life  nerves  and  muscles  manifest  their  irritability  by  fulfilling 
oil  ihe  natural  functions  that  belong  to  them ;  it  is  this  property  that 
enables  them  to  conduct  that  mysterious  vital  a^ent,  which,  in  lieu  of 
dclinite  knowkilge,  we  are  obliged  to  call  nert'e  force*  This  nerve 
force,  whit:h  is  peculiar  to  living  beings,  may  possibly  be  correlative  to 
the  other  forces  of  nature — light,  heat,  cleclriciiy,  magnetism,  and 
gravitation — but  the  theory  that  it  is  identical  with  electricity  isj  as  will  be 
Men^  untenable. 

Irriiahilifyy  /iflitf/oTjj^  Retained  after  Death, — The  irritability  of  nerves 
and  mu»c1cs  begins  to  diminish  after  death,  and  sooner  or  later  di&ap 
pears.  It  disajipears  much  sooner  in  ivarm- blooded  than  in  cold- 
blooded animals. 

In  vrarm-blooded  animal^  as  the  rabbit  and  the  dog,  the  muscular 
curteot  may  disappear  in  half  or  three-quarters  of  an  hour.  In  the 
limb  of  a  frog  that  has  been  properly  protected  and  under  a  cool  lem- 
pcratiire^  it  may  remain  for  two,  three,  or  even  four  weeks.  It  is  on 
tccount  of  this  persistence  of  irritability  in  frogs  that  they  are  so  fre- 
quently chosen  in  electro-physiological  experiments.  Irritability  also 
raries  with  the  temperature.  It  lasts  longer  in  cold  than  in  warm 
weather,  and  under  extreme  heal  it  remains  but  a  short  time. 

The  local  applitation  of  |>oisons  and  powerful  chemical  substances, 
as  extract  of  o|»ium,  acetates  of  strychnine,  morphine,  crea^ote,  nitrate 
of  silver,  mineral  acids,  rapidly  destroys  the  irritability. 

J/gw  Muscular  Contractions  are  -Pn^duced.^Therc  are,  then,  twc 
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ways  by  which  the  muscles  can  be  made  to  contract  under  electricity; 
(i)  by  actifig  on  the  motor  nerves,  and  (z)  by  acting  on  the  muscles 
themselves.  There  is,  however,  this  interesting  and  important  differ- 
ence in  the  effect  of  electrizing  the  motor  nerves  and  the  muscles,  that 
when  the  former  are  electrized  all  the  muscles  supplied  by  them  con- 
tract, and  when  the  muscles  are  electrized,  only  that  muscle  to  which 
the  electrodes  are  applied,  or  that  pa.rt  of  the  muscle  beiween  the 
electrodes^  will  contract.  When  direct  applications  to  the  muscle  are 
made,  the  best  contractions  arc  produced  by  putting  one  electrode  at 
each  end.  The  muscular  contractions  produced  by  directly  fara- 
dizing  the  muscle  are  due  to  the  excitation  of  the  muscle^  and  also  of 
'the  inlra-mnscular  nerve-fibres.  The  most  powerful  muscular  contrac- 
tions are  produced  by  placing  one  electrode  on  the  muscle,  and  the 
other  at  the  point  where  the  motor  nerve  that  supplies  it  is  most  super- 
ficial. 

Differential  Acfwn  of  Positive  and  Negative  Pole  in  Producing  Con- 
tracfiffns.  ^Not  only  is  there  a  diflference  in  the  degree  in  the  opening 
and  closing  contractions  of  the  faradic  current,  but  there  is  also  a  dif- 
fere(*ce  in  the  action  of  the  poles  In  producing  contractions.  When  the 
interruptions  are  rapid,  as  in  the  majority  df  machineSf  the  muscle  does 
not  have  time  to  go  through  all  the  process  of  lengthening  and  shorten- 
ing with  each  niov^enient  of  the  current  to  and  fro,  and  consequently 
it  is  kept  in  the  state  of  tonic  contraction  above  described.  If^  now> 
one  pole  be  placed  on  some  indifferent  point,  while  the  orher  pole 
is  placed  over  the  nerve  to  be  acted  on,  it  will  be  found  that  the  ftega- 
ttve  pole  produces  stronger  contractions  than  the  positive. 

This  experiment  is  easily  made,  and  it  is  not  difficult  to  demonstrate  on 
one's  self  that  this  stronger  action  of  the  negative  pole  in  producing  mus- 
cular contraction  is  entirely  indej^endent  of  the  direction  of  the  current 
—  is,  in  short,  a  polar  effect.  We  ha%'e  already  seen  that  on  sensory 
nerves  the  negative  pole  ts  more  powerfully  felt  than  the  positive. 

Simple  FiHctuation  in  Strength  of  Current  suffi^^ient  to  Produce  Cfift* 
traction, — In  order  to  produce  muscular  contractions,  it  is  not  necessary 
th3:t  the  current  should  be  opened  or  closed.  A  moderate  variation  in  the 
strength  of  the  current — such  as  is  obtained  by  adding  one  or  more 
cells,  or  by  uniting  another  and  independent  current  in  the  circuit,  or 
by  taking  off  some  portion  of  the  current  from  the  circuit — will  cause 
muscular  contractions.  The  contractions  produced  in  this  way  are, 
however,  Jess  vigorous  than  those  produced  in  closing  and  opening  the 
circuit.  It  is  to  be  observed,  also,  that  the  vigor  of  the  contractions  ii 
proportioned  to  tlie  suddenness  of  the  closing  or  opening  the  drci^it 
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flm  pottit  h  frequently  forcetl  upon  our  observauon  in  the  treatment  of 
[laralysis.  If  the  electrodes  are  armed  with  large  sponges,  and  are 
slowty  applied  over  the  muscle,  with  gradually  increasing  pressure, 
scarcely  any  coniractiou^  or  at  least  only  a  feeble  one,  is  produced ; 
lint  if  the  interruption  be  made  in  the  metallic  part  of  the  circuit — in 
the  electrode  by  an  interrupter,  or  in  the  battery — -the  contraction  with 
the  same  current  will  be  very  energetic 

By  referring  to  Electro-Physics  (p<  55)^  lE  will  be  seen  that  the  law  of 
mtisciiUr  contraction  uuder  electrization  foUows  the  laws  of  current* 
induction*  Both  contraction  and  induction  occur  when  a  £hange  is 
made  in  the  strength  of  the  current  by  closings  opening,  increasing, 
diminishing, 

Mtucuhr  Coniraethnn  more  Vigorous  when  a  great  length  0/  tht 
Ntrvt  is  Gah'<tnisrfi.~Vhc  muscular  contraction  caused  by  gatvanita- 
fiifn  is  ^eatcr  when  a  large  than  when  a  small  extent  of  the  nerve  is 
included  betrt't;en  the  electrodes.  It  is  not  a  difficult  matter  To  demon^ 
strote  this  fact.  The  experiment  can  be  made  on  nerves  of  rabbits, 
dogs,  frogs,  or  other  animals. 

Nerr^es  of  Living  A/tta. — Otir  previous  remarks  have  been  applied  to 
the  reaction  of  the  nerves  of  animals  in  a  condition  not  purely  physio- 
logical,  U'hen  the  gahanic  current  is  applied  to  a  living  and  healthy 
motor  nerve  in  a  healthy  man,  contraclion  takes  place  only  on  dosing 
the  fireuit.  This  fact  is  constant  with  cither  pole  and  any  direction  of 
the  current.  'I'he  negative  pole  applied  (o  the  nerve  produces  stronger 
contraction  than  the  positive.  At  the  opening  of  the  current  there  is  na 
effntraetiflrt.  When  the  nerve  is  separated  from  the  body,  or  injured,  or 
fatigued  in  any  way,  ihe  phenomena  already  describe<l  appear*  The 
first  symplotn  of  fatigue  is  contraction  both  at  the  opening  and  closing 
of  the  cmrent.  Wlien  the  nerve  becomes  more  exhausted  the  contrac- 
lions  are  produced  on  closing  and  opening  the  inverse  current;  and 
when  the  exhaustion  is  still  greater,  contraction  is  obtained  only  on 
making  (he  direct  current. 

Actt&n  t>f  the  J'ltntilie  Current. — The  faradic  current,  when  rapidly 
inlemipted,  as  in  most  of  the  faradic  machines,  and  ajiiolied  to  the 
motor  nerves^  keeps  tip  a  totiic  contraction  of  the  muscle  supplied  by 
these.    'I*his  contraction  is  maintained  so  long  as  the  current  runs. 

If  a  contrivance  for  making  shw  inductions  be  connected  with  the 
Uradtc  machine,  then  the  contraction  of  the  muscles  corresponds  to 
the  ot»rntng  and  closing  of  the  cunent,  and  the  efem'ng  emtraction  ii 
^rtger  than  the  chsing. 

WhcD  the  current  of  the  secr>ildary  wire  is  closed  by  placing  eh« 
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electrodos  on  the  skin,  the  current  of  the  primary  coil  (extra-current) 
exercises  a  retarding  influence  on  the  sccondiry  current,  and  then  the 
closing  contraction  is  rendered  more  graduai  and  gentle  froiu  nothing 
to  the  max-imuni. 

When  the  current  of  the  secondary  coil  is  opened,  the  current  of  the 
primar)'  coil  (extra-current)  does  not  exist  (see  Electro-Physics,  p.  55), 
and  consequently  the  current  of  the  secoodary  coil  is  not  retarded  and 
goes  rapidly  from  its  maximum  to  nothing. 

Differtnt  'ml  Action  of  Primary  ami  Sumdary  Coils, — Duchennc  has 
stated  with  a  measure  of  truth  that  the  current  of  the  primary  coil  (ex- 
tra-current) of  his  apparatus  has  a  more  powerful  effect  on  the  sensi- 
bility and  contractility  of  the  organs  beneath  the  skin,  while  the  current 
of  the  secondary  coil  acts  tnore  powerfully  on  the  retina  and  on  the 
skin.    The  primary  coil  is  composed  of  thick,  short  wire. 

The  secondary  coil  is  composed  of  long  and  thin  wire  with  many 
windings. 

The  diflerenlial  action  of  the  primary  and  secondary  currents  on  the 
skin,  muscles,  and  optic  nerve  is  due  to  these  two  causes : 

1.  The  primary  current,  circulating  through  a  short  thick  wire,  has 
less  tension  than  the  secondary  current  that  circulates  through  a  long 
thin  wire,  because  tension  is  developed  only  in  the  presence  of  resist- 
ance. Since,  now,  the  skin  offers  greater  resistance  than  the  muscles, 
the  secondary  current,  by  virtue  of  its  greater  tension,  is  able  to  pene- 
trate it,  and  also  to  penetrate  the  brain  and  affect  the  optic  nerve. 
But  the  primary  current,  having  less  tension,  passes  through  the  skin, 
circulating  in  it  but  slightly,  and  goes  to  the  muscles  beneath,  which  are 
good  conductors,  and  on  these  it  spends  its  force.  In  other  words,  a 
current  of  low  tension  selects  the  best  conductors,  avoiding  the  poor 
conductors  so  far  as  is  possible,  while  the  current  of  high  tension 
traverses  also  poor  conductors. 

2,  The  primary  current  moves  in  one  direction,  and  has  a  mild  elec- 
trolytic power,  while  the  secondary  current  moves  to  and  fro  so  rapidly 
that  it  cannot  perform  electroiysis. 

Action  of  the  Galvanic  Current. — The  intemipted  galvanic  current 
of  moderate  strength,  if  applied  to  a  motor  nerve,  causes  all  the  mm* 
cles  supplied  by  that  nerve  to  contract. 

If  the  current  be  interrupted  slowly^  the  cotitractions  wilFbe  ehnic^  if 
rapidly  intemipted.  the  contractions  vfiW  be  tonic.  The  violent  contrac- 
tions that  occtir  at  the  moment  of  closing  and  opening  the  circuit  of 
an  intense  current  may  be  avoided  if  we  begin  with  an  extremely  mild 
current  and  slowly  and  gradually  increase  its  tension.    Bv  tl:is  method 
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Rittcr  wSi^  enabled  to  pass  through  his  own  per&on,  without  experienc- 
ing citLcr  the  closing  or  opening  shock,  the  enonnous  current  gener- 
ated Iroro  a  battery  of  two  hundred  elements. 

Gah^^nO'tonic  Confractwns, — When  very  powerful  currents  ore 
ft{>pUed  condnuou&ly  to  the  nerves,  tonic  contractions  are  produced  dur 
U3g  the  whole  lime  that  the  circuit  is  closed.  Contractions  thus  pro 
duced  were  called  by  Reinak  giilviirw-ttyttU  tatifractwns.  They  are 
catled  galvano'/f/j/r  contractions  to  distinguish  them  from  the  cionir 
contrucljons  produced  by  the  faradic  current.  When  the  galvai>tc  cur- 
rent is  applied  continuously  to  ihp  surface  of  the  body,  by  means  of 
moist  sponges^  the  galvano-tonic  Cuucractions  increase  in  vigor,  up  to 
a  certain  point,  the  longer  the  electrodes  are  kept  in  position.  This 
phenomenon  is  explained  mainly  by  the  fact  that  the  skin  becomes  more 
moist  as  well  as  hyperseniic  (p.  no)  by  the  effect  of  the  current,  and 
thus  becomes  a  better  conductor  for  the  electricity.  With  the  faradic 
current  this  increase  of  effect  is  not  so  observable.  The  current 
leqnired  to  produce  galvano-ionlc  contractions  is  quite  powerful  and 
painful.  The  strength  of  current  required  will  depend  on  the  position 
of  the  nerve  Acted  on,  the  length  of  nerve  inchided  between- the  elec- 
trodes, and  the  individual  experimented  on. 

Tanu  Contractions  in  Antagonistic  Muscles. — Remak  states  that  when 
^vanic  currents  of  great  i>ower  are  used,  certain  nervous  tonic  con* 
tractions  apjjcar  in  antagonistic  muscles.  Thus,  for  example,  when 
rhc  n>cdian  nerve  is  subjected  to  the  continuous  action  of  a  powerful 
galvanic  current,  contractions  appear  in  the  common  extension  of  the 
&au]c  arm,  so  that  the  fingers  are  raised.  It  is  probable  that  this  phe- 
nomenon is  due  to  rtfiex  acti&n. 

Effect  &f  (ht  Will  in  opposing  and  aiding  Contra^^tions  produced  by 
fJtetricUy, — The  contractions  produced  by  electricity  can  be  materially 
ftided  or  ojiposed  by  effort  of  the  wiJl  of  the  person  operated  00-  If  a 
person  whose  muscles  are  being  electrized  concentrate  his  mind  on  the 
muscle  thai  is  subjected  to  the  influence  of  the  current,  and  simultane- 
ously with  the  clobiog  of  the  circuit,  wills  to  contract  the  muscle,  the 
contraction  will  be  more  vigorous  and  complete  than  when  the  dec- 
lr>cJty  is  not  so  aided.  The  will  co-operates  with  the  electricity,  and  the 
two  agents  reinforce  each  other,  and  thus  accomplish  more  than  would 
be  possible  for  either  alone.  This  can  be  very  conveniently  demon- 
smicd  on  the  communis  extensor  of  the  forearm.  In  electro-therapeu- 
tics this  CO  Operation  of  the  force  of  will  and  electricity  becomes  of 
great  practical  value.  It  has  long  been  known  that  paralytic  patients 
of  all  kinds,  even  those  of  a  cerebral  chronic  incurable  character,  can  be 
10 
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greatly  benefited  by  slighlly  concentradtig  titc  mind  on  the  parts  to  hi 
moved^  tts  the  lingers  or  tots^  and  res&iutely  wtiltng  to  move  them. 

Jn  practice  it  has  been  found  that  such  treatment  is  of  positive  and 
permanent  service. 

The  combination  of  the  force  of  will  with  electricity  is  very  much 
irtorc  ePicacious  than  either  when  used  alone.  When  a  muscle  becomes 
so  diseised  that  the  will  is  powerless  to  remove  it,  the  electricity 
njay  extract  it  with  ease.  Where  electricity  alone  causes  feeble  or 
imperfe  ;t  contraction,  electricity,  co-operating  with  the  will,  may  make 
the  con:raction  vigorous  and  complete.  In  order  to  make  experiments 
of  this  Iciiid  fully  successful^  it  is  necessjry  that  the  will  and  force  should 
bf  concentrated  strmfHancotfily  wii/t  the  chsing  of  the  cireuit  i  ajid 
yet  exijericnce  shows  thit  the  effect  of  the  electrization,  if  not  too 
long  continiied,  ts  to  give  tone  of  the  muscle^  so  that  it  responds  more 
rea^diiy  to  the  will  for  several  minutes,  or  even  hour^  after  being  sub- 
jected to  the  electrization.  This  is  especially  observed  in  muscles  that 
are  in  a  condition  of  paresis.  In  ill  these  experiments  much  depends 
on  the  organic  energy  and  grit  of  the  patient  Co::versely3  it  is  found 
that  by  an  effort  of  will  the  contraction  of  muscles  induced  by  electri- 
city can  be  within  a  certain  limit,  successfully  opposed.  The  experi- 
ment can  be  made  on  the  communis  extensor  of  the  forearm  without 
difficult)',  A  feeble  current  will  cause  this  nniscle  to  contract  so  as  to 
bring  up  the  hand  and  fingers ;  by  an  effort  of  the  will  this  can  be 
resisted  so  that  the  hand  remains  on  a  level,  or  nearly  so.  Wlien  very 
strong  currents  are  used  the  will  is  completely  overborne,  and  has  do 
elfuct  whatever. 

Exttnt  of  Shortening  of  Muscle  during  a  Contraciion. — In  the  process 
of  contraction  mnscles  shorten  In  projiortion  to  their  length,  yhe 
greatest  possible  shortening  is  obtained  during  tetanic  or  continuous 
contraction,  and  not  during  a  mou)entary  contraction.  The  maxmmni 
of  shortening  is  reached,  not  suddenly,  but  gr.irlually,  and  it  does  not 
long  remain  at  the  maximum  even  when  the  electrijiation  is  continued, 
but  begins  to  lengthen  at  first  rapidly  anil  then  more  sloivly. 

The  greatest  amount  of  shortening  possible  to  a  muscle  is  three-quar- 
ters or  two  thirds  of  its  length. 

In  contraction  the  muscle  becomes  a  little  smaller  in  bulk.  The 
can^ic  of  this  is  not  fully  understood,* 

Immediate  Strengiheuing  fir  Restorative  Effect  &f  ElectrtMaiion 

•  Eiedro'Pkyihhgy  atfJ  £ltt:tr&~Ther0fieuSics.  By  C  E.  Morgan,  M,D.  Neii 
York,  1S6S,  PL  573. 
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Vafunfary  MuscUs. — ^One  very  interesting  effect  of  electrization  on 
Toltintar)'  muscles  is  to  increase  their  (jower  of  doing  work.  This  effect, 
which  is  called  by  Heidetihain  and  Remak  reii0r<riivi^  ran  be  demon 
strated  in  various  wa)*9.  The  capacity  of  walking,  in  cases  of  paralysis 
of  the  lower  limbs^  is  sometttues  increased  at  once  after  electrization; 
the  patient  steps  across  live  floor  easier  and  more  firmly  and  rapidly, 
and  can  wailt  further;  or  be  can  raise  his  leg  higher  and  with  less 
(lilficulty.  In  oi\e  case  of  paralysis  of  th«  tibialis  antkiis  muscle  there 
was  no  rcsiKinse  to  the  will  until  a  current  of  medium  strength  had 
been  applied,  when  it  contracted  without  much  difficulty.  Dr.  Poore  • 
found,  on  placing  a  weight  of  17  02.  in  the  hand  of  a  man  hoUlrrig  his 
out  at  right  angles  with  his  body,  that  in  four  minutes  the  pain  was 
great  that  he  could  not  go  on  ;  applying  now  a  mild  current  through 
the  nerves  of  the  arm,  the  strength  returned.  Another  man  could  hold 
out  hi»  arm  minutes  when  the  current  was  applied,  but  only  6 
miDutes  without  the  cttrrent. 

The  dynamometer  is  a  good  means  of  studying  this  subject.  In  one 
case  Dr,  Poure  found  that  eight  5iicces*ive  s*iuee^es  of  the  dynamome- 
Ker  with  electri/alion  gave  477  lbs.  ;  without  electrization,  388  Ibs.j  a 
liifference  of  89  lbs*  In  another  experitnent  made,  when  the  hand  was 
not  tired  by  previous  ctperimcnting,  the  difference  was  even  more 
marked,  being  a  gain  of  152  in  six  squeezes  of  the  dynan^onieten 

Effect  of  Fatinne  of  Mmcles  m  the  ContnuHHty.—W^^x^  a  striped 
mttscle  becomes  very  much  weakened  or  fatiguctl  it  behaves  under  elec- 
Cruation  much  like  Ihc  smooth  muscle.  Dr.  Beard  has  demonstrated  this 
(act  on  dying  rabbits  and  dogs.  Beginning  the  electrization  just  as 
they  arc  cut  o[>en,  the  stnped  muscles  react  vigorously  and  normaliy  to 
the  current ;  but  as  the  animal  dies  the  character  of  the  contraction 
changes  becoming  slower  and  more  deliberate-  If,  now,  the  current 
be  rapidly  interrupted,  no  contraction  occurs,  for  there  is  not  lime  for 
the  muscle  to  respond.  If,  now,  weak  currents  are  used,  the  muscle 
contracts  very  much  after  the  manner  of  unstriped  muscle — that  is,  with 
a  slow  drawing  rather  than  a  rapid  and  vigorous  action. 

£ffett  of  Mnscufar  Tmsum  and  Rehxation  on  Masaiiar  Contrac 
iioH, — Dr.  Wnv  R.  I'lsher,  of  New  York,  has  called  attention  to  the 
fact  that  muscles  contract  more  easily  when  somewhat  relaxed  than 
wben  in  a  tense  condition.  Thi«  experiment  can  be  tried  very  easily  on 
the  common  extensor  of  the  foreanu  or  on  the  peronei  muscles  of  the 
leg.    The  fact  is  of  practical  importance  in  the  treatment  of  paralysis. 
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Ziemssen,*  on  experimenting  w^'ith  unpolarUablc  electrodf;:^*  <Lnd 
gradually  increasing  the  strength  by  the  aid  of  the  ih  ^ostat,  obtained 
the  following  results: 

I.  With  the  weakest  current  that  caused  nmscular  contraction  thrre 
was  pperting  cantrafHon  at  the  caihiHh, 

z.  With  a  current  a  little  stronger  there  was  sirring  ^hdng  ^entrac- 
fion  at  the  negative  poh,  and  weak  opening  coritmcHon  at  th£ positive. 

3,  With  still  stronger  current  there  wa^  also  weak  cffntraeficn  at  thg 
opening  of  Uie  positive  pole, 

4,  With  still  stronger  curreots  there  ttras  a  tonic  eontraetton  at  fht  nega- 
tive p&icy  continuing  for  some  time  after  the  contraction  at  the  closing, 

5»  With  a  much  strouger  current  the  tonic  contraction  was  more 
vigorous;  the  other  contractions  are  al^o  increased  in  strength,  and  thcr^- 
appeared  aemtraclion  at  the  opening  0/  the  negative  p^te. 

6.  With  the  strongest  current  that  can  be  borne,  all  the  other  contrac- 
tions were  increased  in  strength^  and  there  appeared,  besides^  moderate 
tonic  contraciioTis  at  the  positive  pole. 

The  above  resxilts  can  be  verified  only  when  unpolarizable  electrodes 
are  used,  for  with  ordinary  electrodes  the  pain  would  be  far  too  great 
to  be  endured.  The  opening  and  closing  of  the  current  must  be  made 
in  the  metailic  part  of  the  coiiiiectionj  in  order  to  give  it  the  greatest 
possible  suddenness,  Zicmsben  suggests  for  these  experiments  the 
median  and  ulnar  nerves  at  a  point  a  little  above  the  wrist.  At  thig 
point  the  epidermis  is  quite  thin  and  the  nerves  superficial.  Judging 
from  our  observations,  it  is  impossible  to  reduce  this  subject  to  a  rigid 
mathematical  law.  The  words  "strong"  and  ** weak/' as  ap[>lied  to 
currents,  are  quite  indefinite,  and  the  irritability  of  nerves  varies  in  dif- 
ferent individuals  at  dilfercnt  times.  It  is  for  these  reasons  thai  observ- 
ers differ  in  the  results  of  their  experiments* 

Siectro-muscular  Contractility  and  Mlcciro-muscular  Sertsibiliiy, — 
The  susceptibility  of  the  muscle  to  contract  under  the  influence  of  the 
electric  current  is  called  electro  mttscuhr  eontractdity.  The  sensation 
that  accompanies  this  contraction  of  the  muscles  under  the  electric 
ittfluence  is  called  eiectro-mtncu!ar  sensibility.  Eleciro-nmscular  con- 
triciility  and  electro-muscular  sensibility  vary  in  different  individuals, 
and  in  difi'erent  parts  of  the  body.  They  are  greatly  modified  by  dis- 
ease. This  fact  is  of  great  importance  in  diagnosis  of  paralytic  affec- 
tions. 

In  using  the  terms  electro  muscular  sensibility  and  electro-musculai 
contractility,  we  do  not  wish  to  convey  the  idea  that  they  represent  any 

•  Op.  cit  ,  p.  Sol 
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Special  tierve-fVinctions,  but  rather  that  the  general  sensibih'ty  of  the 
turves,  and  the  general  contractile  power  of  the  mviscles  may  be  excited 
by  the  appUcation  of  electricity.  The  question^  whether  there  is  any 
»pecial  sense  of  muscular  contractility,  aside  from  the  general  sensibility 
of  the  nerves,  of  the  muscle,  of  the  tissues  tJiat  surround  it,  and  of  the 
bones  and  cartilages  with  which  it  is  connected,  is  one  that  we  are  dis- 
p<Mcd  to  answer  in  the  negative.  There  appear  to  be  hysterical  cases, 
wbeie  the  consciousness  of  nniscular  contractility  under  the  electric 
current  remains,  while  the  skin  is  almost  perfectly  anaesthetic ;  and  there 
arc  certainly  cases  where  the  muscles  respond  to  the  will,  but  do  not 
tfspond  to  electricity.  Practically,  therefore^  the  terms  electro-muscular 
sensibility  and  contractility,  especially  the  latter,  with  its  subdivisions 
into  farado-  and  galvano-contractility,  are  of  great  value  in  electro- 
physiology  and  therapeutics,  and  it  appears  to  us  arc  perfectly  legitimate. 

The  manifestations  of  theelectro-nuiscular  contractility  and  sensibility 
of  the  muscles  in  ihe  different  parts  of  the  body  are  nnodified,yf^j/,  by 
the  anatomical  position  of  the  muscles;  s^^ijftd/vt  hy  the  quantity  and 
tlistribuiton  of  the  sensitive  nerves  ;  and  thirdly^  by  the  thickness  of  the 
skin  and  adipose  tissue* 

The  muscles  of  the  face,  the  platysma  inyoides  and  stcmo  cleido- 
mastotd  are,  in  health,  very  sensitive  to  the  electric  influence.  Next 
in  order  of  sensitiveness  to  the  electric  current  are  the  anterior  muscles 
of  the  forearm  and  of  the  inner  side  of  the  thigh.  On  the  other  hand^ 
the  muscles  of  the  back  possess  a  much  less  degree  of  electro-nmsctilar 
contraciiVity  ami  sensibility,  and  the  posterior  muscles  of  the  forearm, 
and  posterior  and  other  muscles  of  the  thigh  are  much  less  susceptible 
to  the  electric  influence  than  those  of  the  anterior  and  inner  portions  of 
these  HniLs.  In  corpulent  patients  it  is  more  dif^cult  to  affect  the  mas- 
dcs,  because  adipose  tissue  is  comparatively  a  poor  conductor.  In 
women  and  children  the  adipose  tissue  is  relatively  more  abundant  than 
in  males  and  adults. 

In^rtase  of  Tempctature  after  Muscular  C&ntractton. — It  has  been 
ascertained  by  careful  experiments,  that  an  increase  of  temperature 
results  from  muscular  contractions  produced  by  the  electric  current. 
Increase  of  temperature  in  the  muscles  of  paralysed  limbs,  after  elec- 
trization, is  frequently  perceptible  to  the  touch  of  the  operator,  and  the 
lensations  of  the  patient.  We  have  repeatedly  demonstrated  the  same 
results  front)  faradimion  of  the  arms^  the  legs,  the  face,  and,  indeed,  all 
parts  of  the  body.  In  very  many  cases  this  increase  of  temperature  is 
•0  marked  as  to  be  powerfully  appreciated  by  the  patient^  and  entirely 
^iCTCeptible  to  the  hand  of  the  operator.    General  faradization  cause* 


more  oi  less  elevation  of  the  temperature  of  the  body.  This  u 
demonstrated  by  ihe  sensations  of  the  patient,*  and  by  the  thermoQ}- 
etcr. 

It  has  been  shciwn  by  Browu-Sequard  and  Lombard  that  excitation 
i>f  the  nerves  of  the  skin  causes  an  mcrea^^e  of  teniperatiire  in  thfi 

i;mb.t  I 

The  development  of  heal  is  not  aided  by  iii  creasing  die  strengthi 
of  the  current  above  the  degree  necessary  to  produce  a  full  contrj-c- 
lion.  It  has  been  demonstrated  ttiat,  in  patients  afflicted  with  trau- 
niatic  tetanus,  there  is  a  great  increase  of  temperature  that  remains 
fui  some  time  after  dtaih. 

Investigations  on  the  effect  of  muscular  coniraction  on  temperature 
should  be  made  by  deliraie  surface  the nno meters.  Some  of  the  super- 
ficiat  muscles  of  the  forearm  offer  a  good  surface  for  this  experimenl. 
The  thurmomeier  must  be  kept  firmly  and  niiiformly  pressed  on  the 
akiUt  and  the  modifying  effect  of  currents  of  cold  air  should  be  guarded 
against.    The  thermometer  should  be  kept  about  fifteen  minuter 

before  beginning  electri/ationf  so  as  to  get  accurately  the  normal  tem 
peralure*  Then  the  nerve  that  supplies  the  iiuiscle  or  muscles  lo  Ld 
tested  shoidd  be  faradized.  I 

The  foUowing  invL'stigation  is  from  Ziemssen.J  The  patient  was  a 
strong  niaut  who  was  suffering  from  complete  paralysis  of  the  extensor 
muscles  of  the  hand  and  finger  from  nerve  injur)\  This  fact  accounts 
for  the  low  temperature  before  faradisation. 

Temperature  on  the  forearmi  between  the  extensor  digit  comm. 


and  exten.  carp.  radi.  brev. : 

The  skin  uncovered   34.7"  Cent 

After  4  minutes'  faradization  through  the  radial  nerve  : 

At  opening  of  current* . , . ,                                ,34.8  | 

I  minute  after  opening  the  current                         35.3  J 

5  minutes                            "     ..............  35.7  1 

10      "                 "               "  I 

"      "                "              •*                             35-5  j 

In  the  rjth  minute  faradization  was  renewed  for  i  minute:  I 

femperaliire  at  opening  the  current  34,7 

I  minute  after  opening  the  current  ;                35,1  | 

4  minutes            «             * "                               35.45  I 

\  Arihivitde  PJtyshugu^  November  and  Dccemlwr,  \  Op,  cit.  p,  go. 
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lu  the  6ih  minule  raradi;cation  wab  renewed  for  i  minute: 

Tcmperaturti  at  ot>ening  the  current- ............  35.  i 

I  minute  after  opening  the  current. ,  *  ♦ ,  *  ^5,3 

5  minutes  "  **    35,6 

The  {;cneral  results  of  all  die  investigations  that  have  been  made  in 
ittis  <leiJartiiietil  by  Becquerel,  Breschet,  Helmholtz,  Ziemssen,  Althaus^ 
uml  tHirselves  arc  these  : 

1.  When  jtuiscles  are  made  to  contract  uiidt-r  far^iduaiion  of  the 
nerves  that  sup()ly  them  their  temperature  rises. 

a*  This  elevation  of  temperature  is  not  necessarily  accampamed  bj 
any  incrci^e  in  vize  of  the  vessels,  although  faradization  usnally  increases 
the  si£C  and  a[>pearaiice  of  the  vessels  more  or  les^, 

^.  The  more  vigorou:i  the  contraction  and  the  longer  it  is  continued, 
the  higher  ilu"  tem|itrit:ue  rises. 

4.  If  the  faradization  be  continued  long  enough  the  temperature  wili 
Lc  so  much  increased  that  it  can  be  detected  without  difficulty  by  the 
hand,  and  by  the  sensations  of  the  person  operated  on. 

5.  When  all  the  superficial  nniscJes  of  the  bo  Jy  are  faradi/ed^  as  in  the 
method  of  general  far3di2atiun,  the  lejuperattire  not  only  of  individual 
uiu&clcs,  here  and  Ihercj  but  also  of  the  wliole  body,  rises.  This  fact  we 
have  repeated  and  deuioiistratcd  by  observations  made  on  many  varie- 
ties of  tejtiperatiienL 

A  more  accurate  method  uf  investigating  this  subject  is  by  means 
of  the  therrao-elecmc  pile  (see  Eleciro^^Uysics,  p.63).  This  instni' 
merit  capable  of  measuring  a  small  variation  in  tcniperalure,  and 
also  indicates  the  variations  imich  more  quickly  than  the  thenuotii 
ctcr.  The  tlienno-clectric  pile  is  connected  with  a  reflecting  galva 
nometer  (see  Electro-Physics,  p.  41),  Ziemssen  gives  the  following  ob 
servation  made  on  the  extensors  of  the  forearm : 

Time  of  Farahization.  Deflection  op  the  Nk»die 

MiMUiei,     StCPH^f.  0¥  THE  GALVANOMETitil, 

o  *S   —  -  i.S 

O  30    +  ^3 

O  4S   *   +  S'O 

«  —    -7'^ 

a  —   +19.0 

$  ^    -**3io^i 

4  —    +40* 

It  will  be  observed  tliat  with  the  increase  in  the  time  of  the  faradisa- 
lion  there  is  greater  and  greater  deflection  of  the  needle,  just  as  lher< 
i«  a  rise  of  the  mercury  in  the  ordinary  thermometer. 
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Source  of  Ihat  in  Muscular  Contraction. — According  to  Hermann, 
who  has  specially  studied  ihe  clieniistry  of  the  development  of  heat 
dunng  muscular  contraction,  muscular  work  is  the  result  0/  the  duam- 
ptfsiiion  &f  nitrogenous  snbsiances.  Among  the  products  of  this  dc- 
composirion  are  a  fixtd  acid^  carbonic  acid^  and  mj^osinc.  Of  these  the 
carbonic  acid  leaves  the  body,  \vhile  the  fixed  acid  and  the  myo^ioe  rc* 
main  and  are  worked  over  again  in  the  organism.  The  muscles  grow  al 
die  same  time  that  they  work  and  develop  heat,  and  urea  and  creatine 
are  fourid  in  tlie  residuum.  The  muscle  is  restored  by  the  action  of 
ujtygen,  an  albunimoid^  and  a  non-nitrogenous  substance  in  the  blood. 

All  these  complex  chemical  changes  that  are  excited  during  muscl^ 
lar  contraction  ^/i'^ /"/jf /(?  A^ij/.  If  the  muscle  is  prevented,  by  me-, 
chanical  means,  from  contracting,  the  heat  develops  in  it  more  rapidly 
than  when  it  is  free.  This  follows  from  the  recognized  law  of  the  cor- 
relation and  conservation  of  forces.  The  force  that  does  not  appear  as 
work  appears  as  heat. 

Duraiion  of  Electro-muscular  Contractility  after  Death, — The 
miiscks  retain  thtir  contractility  under  electricity  several  hours  after 
death.  The  length  of  time  that  the  electro-muscular  contractility  is 
preserved  varies  with  different  muscles,  with  different  animals,  and 
probably,  also,  with  the  mode  of  death.  In  order  to  determine  this 
question,  Dr,  Beard  has  made  experiments  on  dogs  and  rabbits.  Dr 
OiitmuSjt  of  Paris,  has  experimented  on  tlie  body  of  a  murderer  who 
had  been  guillotined.  He  found  that  the  muscles  of  the  tongue  and  dia* 
phragni  were  the  first  to  lose  iheir  electro-muscular  contractility.  Next 
came  the  muscles  of  the  face,  among  which  the  masseter  retains  its  ex- 
citabihty  the  longest.  Two  and  a  half  hours  after  death  the  electro 
nmscular  contractility  was  lost  in  all  these  muscles. 

In  the  limbs  the  extensor  muscles  first  lose  their  electro-muscular 
contractility^  and  in  about  an  hour  the  flexors  followed.  The  muscles 
of  the  trunk  responded  fix*e  or  six  /tours  after  death,  and  the  abdominal 
muscles  longer  still. 

Onimtis  observed  on  the  criminal  what  Dr.  Beard  has  observed  on  dogs 
and  rabbits,  that  when  the  muscle  is  dying  it  contracts  most  noticeably 
at  the  point  where  the  electrodes  are  placed,  and  very  slowly  at  a  dis' 
lance  from  the  electrodes  ;  and  that  the  muscles  respond  to  di^ec^ 
electrisation  with  needles  after  they  have  ceased  to  respond  to  the  cur 
rent  when  applied  through  the  skin* 

•  Morgan,  op.  cit.»  p.  5S1  et  seq. 
\  Lt  M(}uvtmcni  Midicaie^  FeU,  1S73, 
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Treviously,  in  Januarj'  and  February,  iSoa,  Aldini,  a  nephew  of 
Xiaivaui,  obtained  permission  from  the  government  to  experiment  or 
two  criminals  Mho  were  executed  at  Boulogne.  Iinjuedialely  aftci 
death  the  bodies  were  submitted  to  powerful  galvanic  excitation.  The 
muscles  of  the  face  contracted  vigorously  in  such  gnmaces  as  to  frighten 
the  assistants.  The  litnbs  were  violently  convulsed,  and  the  bodies 
acted  as  though  they  would  rise  again  to  life. 

At  Glasgow,  Ure  made  similar  experimtrnts  on  the  body  of  a  crimi- 
nal that  had  been  on  the  gallows  one  hour  The  applications  were  ra^e 
to  the  spinal  marrow,  the  phrenic  nerves,  and  the  intercostal  muscles 
According  to  tfve  position  of  the  electrodes  Che  body  was  bent  forcibly 
back^  the  chest  rose  and  fell  as  In  die  act  of  breathing,  and  the  various 
emotions  of  rage,  terror,  despair,  were  depicted  on  the  countenance. 
One  of  the  spectators  fainted,  and  several  were  obliged  to  leave  the 
room. 

EUr/ro-^Aysw/ogua/  Amtcmy. — Eitttr^-physiologkal  anatomy  treats 
9/  the  physwhgieai  action  of  muscUs  under  the  influence  of  the  electric 
cmrrent  applied  in  such  a  way  as  to  produce  contractions. 

The  contraction  observed  in  an  individual  muscle,  when  submitted  to 
the  inlluencc  of  the  electric  current,  closely  rcscinbles  the  contraction 
of  the  same  musck*  whtn  under  the  influence  of  the  will. 

Duchcnne  was  the  first  lo  investigate  this  subject  systematically,  and 
hij  researches  have  done  much  to  modify  the  accepted  views  concerning 
the  functions  of  certain  niusdes*  Those  who  desire  a  more  complete 
idea  of  his  views  than  is  given  in  the  following  brief  resume^  we  refer  to 
his  writings.* 

Muscles  0/  the  Face— Electro  physiognomy, — This  name  has  been 
A{>phed  to  the  study  of  character  and  expression,  through  localiied 
Eu^di^atton  of  the  muscles  of  the  face.  By  means  of  small  electrode* 
the  current  can  be  localized  so  as  to  produce  contractions  even  in  the 
smallest  muscles.  For  these  ejtperiments  a  recently  dead  subject  ha& 
this  advantage  over  the  living  man,  that  in  the  case  of  the  latter  con- 
rraciions  produced  by  the  current  would  be  complicated  and  interfered 
wilhby  involuntary  movements. 

Xc&rding  to  Duchenne,  who  has  chiefly  investigated  this  subject,  the 

*  Dc  rElectrisjlttoii  IjOcatUt*  ct  son  Application  i  b  Pathologic  et  4  U  Thira- 
pcu(k!|u&    Fart^  AJso^  M£ch«nisme  de  ta  Physionomie  HumaiRc,  ou  Analyse 

Xlcctro-pJtynologique  de  I' Expressioa  dcs  Pa^Qii^  applicable  i  ta  Praticjue  des  Arts 
nmiqacL    Paris  This  work  contains  photographic  representations  of  the 

varkMU  Apticftnuieea  of  the  Ticc  ander  clectrii&tion  of  thcdiHercnt  miisclei.  Tht^ 
pLocognpfai  an  frequently  referred  10  by  Darwin  In  hii  wort  oa  ^xprtui^m. 
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fronialis  iiiuscle^  when  a  little  contracted,  expresses  pleasure  ;  when 
more  contracted,  astomshuicnt  or  doubt;  when  strongly  contracted 
with  other  uiuscks,  terror- 

Cuutraction  of  the  pyramidalh  nasi  expresses  sadness  ;  of  the  ri^r- 
rugaiar  sup£r^iiii^  contemplation;  of  i\vt  orbicularis  palbebrarum^  con- 
fempt,  Coutraction  of  these  two,  united  with  the  pyraiiiidalis  nasi, 
gives  *  hateful,  malicious  expression.  Contractioa  of  iJie  triangularis 
nasi  expresses  lust ;  of  the  zygomalieus  major^  various  degrees  of  niirth; 
of  the  zygmrusiicus  minsr^  melancholy  ;  of  the  plaiysma  my&id£s,  hypo- 
critical laughter;  of  the  plAtysma  mymdes,  pain.  Contraction  of  the 
piaiysma  myoidts  and  fronfulis  gives  an  expression  of  terror.  Contiac 
tioii  of  the  piafysma  myoides  and  pyramidalis  expresses  rage.  United 
contraction  of  the  zyg&maticus  major  and  fr&ntalis  produces  an  ex- 
pression of  agreeable  surprise.  Contraction  of  the  buccinator  indicates 
agCi  by  niakini;  furruws  in  the  cheek. 

Contraction  of  the  levator  altc  and  labii  superioris  causes  aia  un- 
pleasant expression,  such  as  a  child  exliibits  when  about  to  cry  ;  conCrac- 
tion  of  the  triangularis  oris  gives  an  expression  of  sadness  or  disgust. 

Contraction  of  the  external  fibres  of  the  &rbicularis  oris  gives  the 
lips  a  position  of  whistling  f>r  kissing;  coDtractioti  of  the  internal  fibres 
of  the  same  muscle  compresses  the  lips  agamst  the  teeth- 

Mitscics  of  the  Upper  £xeremiiy. — The  contractions  rcsulling  from 
electrization  of  the  extensors  of  the  fingers  give  lo  the  hand  a  peculiar 
appearance. 

Tlie  first  phalanges  not  only  become  extended^  but  are  spread  apart, 
while  the  last  two  phalanges  become  flexed. 

The  metacarpus  forms  an  angle  with  die  foream3,  and  in  this  condi- 
tion the  hand  resembles,  to  a  certain  extent,  a  bird's  claw. 

Electrization  of  the  extensor  digvti  minimi  propiius  separates  the  lit* 
tie  finger  from  its  neighbori  while  contraction  of  the  extensor  indicis 
proprius  brings  the  index  and  middle  finger  togethei.  By  the  method 
of  localized  electrization  the  adductors  and  abductors  of  the  fingers, 
and  the  mtero^sei  and  lumbricales,  are  found  to  act  not  only  in  draw^ 
ing  these  members  together  and  separating  them,  but  abo  in  extending 
the  second  phalanx  of  the  thumb  and  the  second  and  third  of  thf^tfaer 
fingers. 

The  flexor  potlicis  brevis  is  concerned  in  extending  the  second 
phalanx  of  the  thumb,  as  well  as  in  fle.xing  the  first. 

So  long  as  the  arm  is  in  its  natural  position,  the  supinator  longus  has 
no  funclLon  to  perform  ;  it  is  only  when  the  forearm  is  prone  that  iti 
[>ccutiai  action  is  n^anifest. 
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All  |>aralysis  of  any  one  of  the  above  muscles,  it  is  readily  seen  thai 
|}.e  observation  made  concerning  their  function  is  correct* 

For  example  r  ifihe  adductor  iongus  and  extensor  brcvis  [lollids  be- 
come paraJyited,  the  metacarpal  bone  of  the  thumb  k  adducted.  If  the 
ex1eni»or  Iongus  pollicis  ib  paraly>;ed,  the  thumb  ib  Inclined  towards  the 
7  etacarpus,  although  its  movements  are  not  markedly  ijiipaired  if  the 
exiensor  brcvis  and  adductor  Iongus  are  strong. 

Electrization  of  the  dehoid  not  only  raises  the  upper  arm,  but  also 
ly  ijerceptibly  changes  the  position  of  the  scapula.  The  externa] 
glc  of  the  shoulder  blade  becomes  depressed,  the  internal  angle  is 
elevated,  while  the  distance  between  its  posterior  spinal  border  and  the 
ribs  U  slightly  Increased.  In  paralysis  of  the  deltoid  the  arm  hangs  by 
the  side  almost  completely  helpless.  The  muscle  is  composed  of  three 
distinct  groups  of  hbres,  and  the  degree  of  paralysis  depends  upon  the 
number  of  groups  or  special  group  involved. 

The  pecioralis  major  and  iatissiinus  dorsi  muscles,  although  situated 
for  the  most  part  on  the  trunk  of  the  body,  are  especially  useful  in 
Assisting  ill  the  movements  of  the  arm. 

MmcUs  iff  the  Trunks — When  all  of  the  fibres  of  the  trapezius  are 
submitted  to  eiectric  excitation,  the  shoulder-blade  becomes  elevated^ 
its  posterior  border  approaches  the  median  line,  the  shoulders  are 
llrawn  backward^  and  the  head  is  thrown  slightly  forward  and  toward 
the  opposite  side.  Like  the  deltoid,  the  trapezius  is  made  up  of  three 
lets  of  fibres. 

When  the  superior  set  ts  electrised  the  head  turns  toward  the  side 
Jrritatcd,  and  the  face  looks  toward  the  opposite  side. 

The  middle  set  of  fibres  ekvatcs  the  shoulder-bladt;,  while  by  the 
action  of  the  lower  set  its  inner  ai:igle  is  depressed,  and  its  posterior 
border  is  drawn  toward  the  median  hne.  In  complete  paralysis  of  the 
lezius  the  following  symptoms  are  manifest :  The  back  is  rendered 
der,  on  account  of  the  scapula  removing  slightly  from  the  spinous 
inooesses;  the  slioulder  becomes  depressed,  and,  on  account  of  the 
Absence  of  steady  support  for  the  arm,  its  movements  are  rendered  diffi 
cult,  Elccirization  of  the  rhomboideus  major  and  minor  muscles  ele- 
vates tlie  scapula  ajid  slightly  turns  it  on  its  outer  angle. 

if  tlie  current  be  sufficiently  intense,  ihe  lower  angle  of  the  scaptiU 
ftp|ttoaches  nearer  to  the  spinous  processes  than  the  inner. 

If  tlie  rhomboideufi  muscles  are  paralyzed,  the  scapula  removes  itself 
somewhat  from  die  walls  of  the  thorax,  the  skin  between  the  shoulder- 
blade  and  the  spine  appears  in  fotd&,  and  the  lower  angle  of  tJie  bone  ii 
draun  forward  and  outward,  on  account  of  the  action  of  the  serratu* 
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anticus  inajor*  By  excitation  of  the  serratus  anticus  major  the  scapula 
IS  dra\vn  forwafd  aiid  outward,  so  that  the  space  betweeo  its  posterioi 
border  and  the  spine  is  doubled.  The  posterior  border  is  pressed 
against  the  ribs,  while  the  anterior  border  is  markedly  removed  froiti 
ihem. 

When  the  muscle  is  paralysed  the  shoulder-blade  sinks  but  little,  so 
long  as  the  ai*tu  hangs  motionless  by  the  side ;  hnt  as  sogn  as  it  is 
moved  from  the  body  the  posterior  border  and  under  angle  of  the 
scapula  are  lifted  from  the  thorax^  while  the  anterior  approaches  it  more 
closely*  In  complete  paralysis  of  the  serratus  anticu&  the  movements 
of  the  arm  are  aiuch  impaired 

A  single  external  intercostal  muscle  may  be  electrized  by  pressing  a 
small  electrode  against  the  lower  border  of  one  of  the  upper  ribs,  near 
the  origin  of  the  scrraltis  magnus  muscle, 

TUc.  individual  abdominal  muscles  are  readily  influenced  by  electric 
excitation* 

Elecirizaiion  of  the  rectus  muscle  so  stretches  and  draws  it  inward 
that  the  abdominal  wall  becomes  flaL  Irritation  of  the  external  oblique 
expands  the  abdomen  laterally. 

If  we  electrize  the  transverse  abdominal^  powerful  transverse  con- 
tractions of  the  abdomen  follow.  When  both  phrenic  nerves  are  snb- 
mitied  to  electric  excitatioRj  powerful  and  frequent  contractions  of  the 
diaphragm  are  produced.  An  ino-eased  amount  of  air  rushes  into  the 
lung5,  on  account  of  the  capacity  of  the  thorax  enlarging  through  the 
descent  of  the  diaphragm,  and  the  moving  outward  of  the  false  ribs. 
Atrophy  of  the  diaphragm  causes,  during  inspiration,  a  depression  of 
the  epigastrium  and  abdominal  walls,  while  the  thorax  expands  as 
usual 

Museles  of  ihc  Lower  ExircmitUs. — ^Electric  excitation  reveals  the 
fact  that  flexion  and  extension  of  tlie  foot  cannot  bt:  produced  by  the 
flexor  or  extensor  muscles  alone,  since  these  muscles  tend  to  abduct 
and  adduct  as  well  as  flex  and  extend.  The  flexors  and  extensors 
cause  direct  flexion  and  extension  only  when  they  act  in  conjunction 
with  certain  other  muscles. 

The  movements  of  the  foot  are  controlled  by  four  sets  of  muscles. 
These  are  t 

The  tibialis  anticus,  which  at  the  same  time  flexes  and  adducts  tht 
foot — ihe  flexor  adductor  muscle,  the  extensor  digitoruni  communis 
longus  and  extensor  hallucis,  which  flex  and  abduct  the  foot — the 
flexor  abductor. 

The  gastrocnemius  solius  and  tibialis  posticus,  which  extend  and 
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adduct  ihe  foot — the  extensor  ad<liictor,  and  the  peroneus  longus  ind 
lirevis,  which  extend  and  abduct  the  foot — the  extensor  abductor. 

Electrization  of  the  tibialis  anticus,  or,  In  other  words,  the  flexor  ad- 
uuctor  musde,  not  only  extends  and  addncts  the  foot^  but  lifts  tlie  innex 
border  of  its  upper  portion  as  well. 

Electrization  of  that  group  of  muscles  called  the  flexor  abductor,  be- 
sides flexing  and  abducting  the  foot,  extends  the  four  last  toes,  lifts  the 
outer  border  of  the  foot,  turns  the  sole  outward,  and  bends  the  great 

Pes  equinus  tnay  result  from  the  stronger  action  of  the  extensors. 

If  the  flexor  abductor  group  become  paralyzed,  the  movement  of  the 
foot  is  reversed— the  sole  turning  inward  and  the  anterior  portion  turn- 
ing upward. 

Electrization  of  the  extensor  adductor  group  so  extet^ds  and  addudi 
the  foot  that  the  heel  is  directed  outward  and  the  great  toe  inward  The 
first  phalanges  of  the  toes  become  extended,  and  the  last  flexed,  giving 
to  them  the  form  of  claws. 

Eiectri/aiion  of  the  extensor  abductor  so  extends  and  abducts  the 
foot  that  the  internal  malleolus  becomes  decidedly  prominent  through 
the  sinking  of  the  inner  border  and  the  elevation  of  the  outer  border 
of  the  foot.  Paralysis  of  this  last-named  group  of  muscles  produces  in 
the  course  of  time  what  may  be  termed  a  flat  foot.  This  results  from 
the  disappearance  of  the  arching  of  the  foot. 

Jn  consequence  of  paralysis  of  the  extensor  adductor  the  foot  natu- 
ralfy  becomes  abducted,  the  arch  of  the  dorsal  surface  Es  increased,  and 
instead  of  the  flat  foot  above  mentioned,  we  have  a  very  decided  hollow- 
Higout  of  the  plantar  side. 


•CHAPTER  VIII. 


ACTION  or  ELECTRICmr  ON  INVOLUNTARY  MUSCLES. 

Contractions  are  produced  in  a  voluntary  muscle  the  instant  tiic 
poles  of  a  galvanic  battery,  or  of  an  electro-magnetic  machine  in  oper- 
ation, are  applied  to  it.  The  contraction  of  the  muscle  continues 
during  the  passage  of  the  faradic  current,  but  when  the  galvanic  current 
is  used  quickly  relaxes  after  the  first  shock.  When,  however,  the  intes- 
tines, the  stomach,  the  oesophagus,  and  other  parts  which  are  composed 
of  involuntary  muscular  fibre,  are  subjected  to  the  electric  current,  move- 
ments are  not  induced  in  them  until  a  certain  time  after  the  tissue  has  hem 
aetea  upon.  The  movements  thus  excited  continue  for  a  time  after  the  ceS' 
sation  of  the  current^  and  do  notj  as  in  the  case  of  voluntary  muscles^  at 
once  return  to  their  normal  condition. 

Iris. — Faradization  of  the  iris,  with  a  very  gentle  current  in  a  room 
that  is  moderately  darkened,  causes  it  to  be  constricted  or  dihited,  ac- 
cording to  the  position  of  the  electrodes. 

Stomach. — Faradization  or  galvanization  of  the  stomach  causes  gra- 
dual shortening  of  the  transverse  and  longitudinal  fibres  in  the  direc- 
tion from  the  cardiac  to  the  pyloric  orifice.  Dr.  Rockwell,  in  the  treat- 
ment of  paralysis  of  tiie  cesophagus  associated  with  a  sort  of  atony  of 
the  stomach,  has  frequently  had  occasion  to  observe  the  readiness  tvith 
which  this  phenomenon  is  demonstrated  in  the  living  man  by  applica- 
tions directly  to  the  mucous  surfaces  of  the  parts. 

—  If  finely  pointed  electrodes  or  needles,  connected  either 
with  a  faradic  or  galvanic  apparatus,  be  applied  to  the  intestine  of 
a  living  or  recently  killed  animal,  steady  and  firm  contraction  takes 
place  at  the  ])oints  where  the  electrodes  are  applied.  Under  a 
mild  current  the  contraction  is  slow,  steady,  and  gradual.  The  intes- 
tines are  drawn  up  after  the  manner  of  a  woman's  work-bag.  This 
contraction,  though  most  marked  just  at  the  point  where  the  needles 
touch  the  intestines,  is  also  observed  a  little  distance  between  and  on 
the  outer  side  of  the  needles.  Under  strong  currents  this  constriction 
lakes  place  very  rapidly,  and  goes  on  until  the  calibre  of  the  intestinet 
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i&  nearly  cloictl,  When  the  dectrodes  are  removed  tliis  <.onstricttar 
slowly  Llisa])))ears.  These  phenomena  are  seen  both  in  the  large  and 
Sinai]  intestines  and  in  ihe  rectum.  The  duodenum  responds  most  read 
ily,  the  rectum  and  colon  less  so.  These  phenomena  are  more  or  lcs£ 
mo<iified  by  the  condition  of  the  animal,  whether  living  or  dead,  and 
whether  recently  or  long  killtid.  This  fact  of  clectro^physiology,  which 
h.is  been  frequently  demonstrated  on  animals,  is  very  suggestive  in  a 
practical  point  of  vieiv.  The  value  of  electricity  in  constipation  is,  in 
view  of  these  observations^  partially  explained. 

Sfif^n. — When  the  spleen  of  certain  animals^  living  or  recently  killed, 
as  the  dog,  is  submitted  to  the  action  of  a  tolerably  strong  cnrrent, 
citlier  faradic  or  galvanic^  a  visible  dramng  and  contraction  through- 
out the  entire  extent  of  the  organ,  not  only  where  the  electrodes  are 
applied,  but  beiivt'en  them  and  beyond  thenij  in  every  direction,  there  is 
manifest  shrinking  of  the  tissues,  with  change  of  color.  This  fact,  which 
has  been  disputed  by  some  physiologists,  we  have  demonstrated  in  a  vari- 
ety of  experiments.  The  phenomenon  is  not  so  noticeable  in  the 
S|jleeu  of  the  rabbit  as  in  that  uf  a  dog,  and  in  order  that  it  may 
occur  rapidly  and  be  easily  seen,  the  current  U3ed  must  be  of  consider- 
able strength.  The  shortening  and  discoloration  of  the  spleen  under 
clectnVaiion  appears  to  be  more  or  less  permanent.  This  physio- 
bgical  fact  suggests  the  query,  whether  the  enlarged  spleen  of  inter- 
mtuent  fever  might  not  be  treated  by  electricity. 
Biadder, — When  the  filled  or  emptied  bladder  of  a  living  or  recently 
"led  aninxal  is  acted  on  by  either  current,  of  moderate  strength,  a 
Tisililc  drawing  and  contraction  take  place  in  various  direction^.  The 
tissue  becomes  firmer  and  harder,  tlie  cavity  diminishes,  and  if  it  con- 
tiijis  urine  .1  portion  nf  it  is  expelled.  This  electro  ]>hysiological  fact 
is  tttili/ed  in  cases  of  paresis  and  paralysis  of  the  bladder, 

Uterm. — The.  uterus  of  animals  and  of  the  human  being  contracts 
after  the  manner  of  the  intestines,  bladder,  and  other  involuntary  muscles. 
Whatever  pole  is  used,  or  in  whatever  direction  the  current  be  applied, 
ritraction  takes  place  whenever  the  current  is  applied,  whether  the 
tltems  IS  or  is  not  in  a  gravtd  contlition.  Both  faradi^aiion  and  galvani- 
lotion  have  thi^  slow  contracting  intluence  on  the  uterus. 

In  the  chapter  on  Diseases  of  Women,  the  very  interesting  and  ini 
Jorlant  practical  applications  of  this  physiological  fact  will  be  pointed 
jut  in  detail.  It  applies  especially  to  the  electrical  treatment  of  rne- 
tritis  and  uterine  engorgements. 

t^rf/rr.— The  ureieis  are  constricted  and  shortened  by  eleciri?.ation, 
Aud  AS  in  the  caae  of  the  uterus,  the  intestines,  and  the  spleen,  the  con 
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tractions  (ake  place,  a.ccordmg  to  the  law  of  their  physiological  action, 
from  the  kidneys  toward  the  bladder,  and  the  contractions  continue  aftei 
the  electrodes  are  removed. 

Fijs  Deferens  J  Efiditfymus,  and  Tunica  yagtfta/is,-^Whcn  the  electric 
current  is  applied  to  the  vas  deferens,  the  epididymus,  or  the  scrotum, 
they  iikeisdse  contract  after  the  manner  of  the  intestines,  uterus,  and  so 
forth.  The  scrotum  contracts  rapidly,  almost  instantaneously,  under  a 
strong  current,  and  remains  contracted  for  some  time,  as  we  have 
demonstrated  on  rabbits  and  dogs,  and  on  the  living  human  being* 

Gali-bhtdder, — When  a  current  of  considerable  strength  is  applied  to 
the  gall-bladder  by  iiointed  electrodes,  constriction  lakes  place  at  the 
points  of  api)!ication,  and  the  whole  bladder  tends  to  contract,  and, 
like  the  urinary  bladder,  to  discharge  its  contents.  It  is  not  impossible 
that  a  powerful  current  sent  through  (he  liver  of  the  living  subject, 
by  external  applications,  may  cause  contraction  of  the  gall-bladder  ; 
and  in  this  way  we  may  in  part  explain  the  value  of  electrical  treat- 
ment in  jaundice. 

CEsifphagus, — In  rodents  the  oesoi>liagus  consists  of  striped  muscle 
only  ;  in  birds  it  consists  of  unstriped  muscle,  and  in  man  of  a  com- 
bination of  both  striped  and  unstriped  muscle.  Both  sets  of  fibres, 
longititdinal  and  circular,  contract  under  the  current,  not  only  at  the 
points  where  ihe  electrodes  are  applied,  but  through  the  whole  length 
downward  toward  the  stomach.  In  the  treatment  of  dysphagia  this 
(act  may  well  be  con&idered. 

Heart. — The  effect  of  electrization  of  the  pneumogastric  and  other 
nerves  that  supply  the  heart  has  already  been  considered.  The  effect 
of  direct  electrization  of  the  tissue  of  the  heart  Itself  is  not  without 
interest.  Galvanization,  witli  currents  of  moderate  strength,  of  the 
heart  of  an  animal  that  has  stopped  beatings  may  cause  a  return  of  its 
rhythmical  action.  It  has  been  sometimes  observed  that  the  contrac- 
tions return  more  vigorously  in  the  right  than  in  the  left  side.  Accord- 
ing to  our  obser\^ation,  in  the  hearts  of  dogs  and  rabbits  much  depends 
on  the  strength  of  the  current  used.  If  a  strong  current  were  directed 
through  pointed  electrodes  to  the  substance  of  a  heart  of  a  dying 
animal,  the  pulsations  are  in  part  arrested,  but  they  recur  as  soon  as 
this  current  is  broken.  These  conclusions  are  based  on  a  large  number 
of  observations.  When  the  heart  has  fully  stopped  it  may  be  restored 
by  a  weak  current,  and  again  arrested  by  a  strong  current. 

Blood-t'^ssch. — The  small  arteries  that  contain  considerable  unstriped 
muscle  contract  under  the  current,  after  the  manner  of  the  intestines ; 
that  isy  tlie  contraction  does  not  appear  instantaneously,  but  a.  little 
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dme  after  the  needles  are  applied  It  goes  on  slowly,  and  after  the 
needles  are  removed  they  gradually  return  to  their  normal  condition.  Id 
the  lifger  arieries  tl^ts  contraction  is  not  so  marked* 

It  will  be  observed  that  electricity  acts  on  unstripcd  muscular  fibre, 
in  this  respect  at  least,  very  much  like  ergot.  The  power  of  ergot  to 
constringe  [lie  blood  vessels  is  the  explanation  of  its  great  value  as  a 
remedy  in  spinal  and  cerebral  congestion.  The  efficacy  of  electrization 
in  the  same  affections^  as  well  as  in  sprains  and  various  local  inflamnta- 
tions,  may  be  in  part  explained  by  the  same  theory.  This  subject  will 
be  discussed  in  the  chapters  devoted  to  the  Influence  of  Electricity  on 
Nutrition  and  Spinal  Congestion. 

The  above  conchisions  are  based  largely  on  our  own  experiments, 
although  many  of  the  observations  had  been  previously  juade  by  various 
physiologists. 

There  were,  however,  certain  queries  in  regard  to  the  differential 
action  of  the  polus^  and  of  the  two  currents,  and  of  weak  and  strong, 
on  involuntary  muscle,  that  had  not  been  answered.  These  queries 
have  aimed  to  solve  by  a  large  number  of  experiments  on  animals. 
The  records  of  one  set  of  these  exiieriineuts,  noted  at  the  time  by  our 
friend  Dr.  John  Van  Bibber,  of  Baltimore,  are  herewith  presented.  It 
Hili  be  observed  that  the  chemical  and  other  effects  of  the  current^ 
besides  die  contracting  influence,  are  noted 

Exptrim^nt  \* — The  abdominal  cavity  oF  a  good-si^ed  rabbit  was 
opened,  and  a  medium  faradic  current,  with  needk  electrodes,  was 
applied  to  the  upper  part  of  the  sniall  intestines.  Contraction  ]>roduced 
mo5C  vigorous  at  the  i>ositive.  A  vermicular  motion  was  also  observed  not 
only  in  the  part  mlhin  the  circuit,  but  extending  some  distance  beyond 
each  pole.  The  rabbit  was  fully  under  ether,  and  tlie  only  other  mus- 
cular movements  were  cardiac  and  respiratory.  The  color  of  intes- 
tines was  nonnal  and  healthy,  and  was  undisturbed  durijig  this  operation. 

Rxptrimtnt  2*— A  gj.lvanic  current,  sixteen  cells,  was  now  applied, 
with  needle  electrodes,  ^  little  below  point  of  first  experiment,  There 
was  an  immediate  change  in  the  circulation  of  the  parr*  It  became 
:larker  and  venous  in  its  appearance,  presentii^g  the  appearance  of  a 
cloL  The  intestines,  before  so  Haccid  as  to  render  the  insertion  of  % 
acedle  difficult,  became  very  full  and  hard.  The  negative  pole  wa« 
sc  in  the  tissues,  with  bubbles  of  hydrogen  generated  around  it,  and, 
the  other  hand,  the  positive  pole  became  very  firm  in  its  insertion, 
Kith  evident  constriction  of  muscular  6bre  around  it* 

The  &rst  etiTect,  therefore,  seemed  to  be  congestion,  and  afterward, 
eoagulation. 
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Mxpmmcni  ^.—O^  stomach,  with  galvanic  current,  sUteeo  cclk 
in  region  of  positive  pole  the  circular  fibres  are  much  contracted,  and 
the  same  disintegrating  effects  of  negative  pole  were  observed. 

Expcrimeni  4. — Paradic  cuirent  on  large  intestine.  Contraction  of 
muscular  fibres  was  observed,  and  thoug'  t  to  be  greater  at  positive 
pole. 

Experimeni  5, — Faradic  current  on  spleen.  The  smooth  surface  of 
tiiat  organ  was  soon  corrugated,  tending  to  show  that  the  tissues  werr 
contracting  under  its  influence. 

Expcrittunt  d. — Galvanic  current  on  spleen.  Generation  of  h)'dro- 
gen  at  negative  pole,  also  congested  appearance,  and  after  removing 
needle  very  dark  spot  at  negative  pole. 

Experiment  7. — Faradic  current  on  bladder.  The  bladder  was  par- 
tially filled  with  urine,  and  when  the  current  was  applied  there  was 
great  and  immediate  contraction  of  muscular  fibres  and  expuUioo  of 
urine. 

Experiment  S, — On  left  kidney,  faradic   current.     Muscle  c 
tracti^d,  and  seemed  to  be  permanejitly  so,  at  least  during  observation. 

Right  kidney,  galvanic  current  Same  effect  at  negative  pole,  dark 
congested  spot ;  but  during  passage  of  curreut  the  bladder,  which  had 
betin  auicb  contracted  by  faradic  current,  seemed  to  ftil  up. 

Experimeni  9. — On  liver.  No  action.  The  rabbit  seemed  to  show 
remaikable  vitality,  and  it  was  necessary  to  renew  ether  very  frequenily. 
It  was  determined  then  that  the  electricity  seemed  to  prolong  life,  even 
after  it  had  been  so  taxed  by  anatomical  mutilation. 

Tbe  conclusions  from  a  large  variety  of  experiments,  of  which  the 
dbove  is  a  fair  illustration,  are  these  : 

1.  Both  currents — faradic  and  galvanic — cause  an  unstriped  muscle 
to  contract  in  accordance  with  the  law  of  its  physiological  action.  It 
remains  contracted,  and  after  the  breaking  of  the  current  gradually 
returns  to  its  normal  condition. 

2.  The  time  when  die  contraction  begins,  and  the  vigor  with  which 
it  continues^  and  the  rapidity  with  which  it  returns  to  its  normal  condi- 
tion, after  the  breaking  of  the  current,  varies  with  the  otg^n  acted  on, 
with  the  strength  of  tbe  current,  and  with  the  condition  of  the  animal 
acted  on,  whether  hving,  dying,  recently  or  long  dead, 

3.  The  positive  pale  has  a  more  powerful  contracting  influence  on 
UDstiiped  muscles  than  the  negative.  The  differeniial  action  of  the 
poles  is  seen  in  both  currents,  but  is  more  dedded  with  the  galvanic. 
This  fact  we  were,  we  believe,  the  first  to  discover.  This  fact  of  the 
more  potiint  action  of  the  positive  pole  on  unstriped  muscle  is  of  con- 
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siderable  signification  in  the  treatnaent  of  engorgements  of  the  utenu 
etc    It  will  be  discussed  in  the  chapter  on  Diseases  of  Women. 

4.  Unstriped  muscles  can  also  be  made  to  contract  by  faradization 
or  galvanization  of  the  nerves  and  nerve-plexuses  that  supply  then^— 
indirect  electrization. 

5.  The  behavior  of  the  different  organs  that  are  sup|  lied  with  un 
striped  muscles  under  electrization  depends  on  the  relative  amount  of 
muscle  in  their  tissues.  The  intestines,  the  scrotum,  contract  rapidly 
and  vigorously;  the  spleen  and  arteries  less  perceptibly  and  more  slowly. 

The  liver  and  lungs  do  not  apparently  contract  under  either  ciurenu 
The  electrolytic  action  of  the  current  is  observed  in  these  organs,  as 
in  all  other  tissues. 

6.  The  differential  reaction  of  voluntary  and  involuntary  muscle  tc 
the  current  is  mainly  a  matter  of  degree.  Both  kinds  of  muscle  con- 
tract in  accordance  with  the  law  of  their  physiological  action,  undei 
both  currents,  and  both  return  to  their  normal  condition ;  but  involun- 
tary nmscle  returns  very  slowly,  while  voluntary  muscle  returns  rapidly; 
almost  instantaneously.  When  voluntary  muscles  have  become  greatly 
exhausted  through  fatigu?  or  death,  they  behave  very  much  like  invol' 
antarv  musclea. 


The  action  of  the  gal\anic  cuncnt  on  the  blood  is  a  subject  tc 
which  we  have  given  at  different  times  considerable  attention,  Blcod 
coagulates  so  quickly  after  leaving  the  living  body,  that  the  actiois  ol 
electricity  upon  it  can  only  be  studied  with  satisfaction  when  the  dec 
trodes  are  placed  within  an  artery  or  vein,  or  in  a  current  of  blood  as 
it  flows  from  tl^e  wounded  blood-vessels  before  the  process  of  coagula- 
tion has  set  in.  We  have  experimented  on  blood  with  the  gab 
vacic  cwrrenc  in  both  ways. 

When  the  needles  connected  with  the  poles  of  a  galvanic  battery  are 
inserted  into  the  feebly  Bowing  blood  of  a  wounduU  antmali  electroly- 
sis at  once  takes  place  with  differential  polar  action  of  a  striking  char- 
acter. At  the  positive  pole  a  small,  firnij  and  dark  clot  forniSj  that 
adheres  closely  to  the  needle,  especially  if  it  be  sleel  that  is  readily  oxi- 
dized. At  the  negative  pole  a  lar^^er,  softer,  lighter^  yellowish  clot 
forms,  with  a  mixture  of  foam  or  froth  from  the  bubbles  of  hydrogen. 

If  the  current  be  strong,  and  the  operation  protracted,  the  po^tive 
steel  needle  will  become  either  desExoyetl  by  oxidisiaLioii  or  greatly 
reduced  in  size. 

From  the  above  it  will  be  seen  that  the  action  of  electricity  on  the 
blood  is  mainly,  if  not  entirely^  of  a  chemical  character— in  a  word, 
eiectroiysi^y  or  electro-cheujical  decorapositiou.  Goliibew  and  Burdon- 
Sanderson  have  studied  the  effect  of  faradization  on  the  blood-corpuscles 
under  the  microscope,  and  Rollet  and  Neum^in  have  studied  the  same 
under  the  influence  of  the  galvanic  current.  It  has  been  shown  that 
the  red  corpuscles  of  the  blood  are  discolored  by  the  alkalies  of  the 
negative  pole,  and  caused  to  shrink  by  the  acids  at  the  positive  pole. 
Under  the  diischarges  of  the  Leyden  jar  the  red  corpuscles  change  theii 
shape  and  lose  their  color. 

March  I2th  and  24lh,  tSyi,  Dr.  Beard  made,  with  Dr.  E.  L.  Keyes, 
a  mmiber  of  experiments  on  dogs,  in  order  to  determine  the  differen- 
tial action  of  the  poles  In  prodticing  a  clot,    One  method  of  est 
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pcrimeniing  was  to  etheriite  the  animal,  open  the  abdomen  through 
the  hnea  alba*  and  expose  the  aorta,  into  which  needles,  insulated  with 
hard  n»bber  up  near  lo  their  points,  and  connected  with  both  poles, 
ivcre  introduced.  In  some  cases  the  artery  was  '^onstricted,  iri  others 
HOT,  \Vc  condense  the  record  of  the  experiments  'rom  the  published 
statements  of  Dr.  ICeyeSj*  based  mainJy  on  notes  made  at  the  lime 
by  the  physicians  who  co-operated  with  us. 

Experiment  I, — March  17th.  K  small  dog  was  etherized,  the 
abdomen  laid  open  through  the  linea  alba,  and  the  aorta  exposed. 
Positive  and  negative  needles,  insulated  (imperfectly)  with  hard  rubber, 
were  introduced  into  the  aorta  about  one  inch  apart.  Both  needles 
were  of  steel,  gold  plated  at  the  points.  The  negative  needle  was  acci- 
dentally nin  through  the  artery,  and  emerged  into  the  muscle  beneath, 
The  current  from  sixteen  cells  of  a  Stohrer's  battery  was  passed  for  ten 
minutes.  The  artery  was  not  compressed.  Blood  flowed  through  it  at 
great  force. 

Result. — ^Bloody  foam  surrounded  the  negative  needle,  the  blood 
emerging  from  llie  arter^'.  Needle  loose.  It  dropped  out,  the  blood 
fuUowetl. 

Positive  needle  adherent  to  artery,  requiring  a  little  force  to  pull  it 
away.  Artery  was  cut,  before  the  needle  was  removed,  to  look  for 
clot.  No  clot  discovered  in  the  vessel,  A  little  black  material  was 
found  adherent  to  the  wall  of  the  artery,  and  to  the  positive  needle  at 
the  point  of  entrance.  The  lining  membrane  of  the  artery  was  altered 
and  discolored,  wherever  either  needle  had  touched  it,  over  a  space 
about  one  and  a  hatf  line  in  diameter. 

Experiment  IV.— Mcdiiun-si/ed  dog  etherized.  Positive  needle 
(platinum),  insulated  with  hard  riibber,  wtis  placed  in  the  artery,  Nega- 
tive needle  (platinum),  insulated  ^vith  shellac,  in  muscles  near  the  spine. 
Eighteen  cells  Stohrer.  Timet  ten  minutes.  Current  of  blood  about 
three-fourths,  arrcstt^d  through  the  artery,  by  compression  with  thumb 
,ind  fingers,  one  inch  above  and  below  the  needle. 

Jifsuli. — Firm  black  clot  outside  of  the  vessel  at  point  of  the  erv 
trance  of  needle,  and  where  the  opposite  wall  touched  by  the 
needle's  point.  Inside — firm,  black  clot,  adherent  to  tlie  wall,  but  not 
lar^e  enough  to  obliterate  the  vessel. 

Lii>ing  membrane  of  artery  blue-black,  and  coats  of  vessel  adherent 
ind  condensed  at  point  of  entrance  of  needles^  and  where  opposite  wall 
lad  been  touched.    Needle  not  much  acted  upon.    A  little  £ake  ol 
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hard  rubber  came  f  ff,  and  vi*as  left  attached  to  the  clot.  A  few  bubble* 
of  oxygen  escaptrc*.  from  the  vessel  alongside  the  needle. 

Experiment  VII. — Positive  needle  gold,  non-insulated.  Negative 
needle  steel,  non-msiilated.  Roth  tn  vessel.  Sixteen  cells.  Time 
ten  minutes, 

Result — Clot  same  at  the  positive  pale  as  in  Experiment  IV,,  bu! 
action  on  lining  membrane  was  much  less  than  in  that  experiment 
Ga5  escaped  at  negative  needle.  No  clot  at  negative  needle.  Artery 
compressed  only  below,  circulation  arrested. 

Experiment  XL — Renal  artery  of  dog  was  cut,  and  blood  allowed  lo 
flow  into  peritoneal  cavity.  As  it  flowed,  negative  and  positive  steeL 
non-insulated  needles,  connected  with  eighteen  cclbt  were  dipped  into 
it.  Action  conimenced  at  once.  A  dark  clot  formed  about  positive 
needle,  and  a  light  foam  around  negative.  Al  the  end  of  one  minute;, 
at  the  positive  needle,  a  black  clot  had  formed,  a  quarter  of  an  inch  in 
diameter,  dense  enough  to  be  lifted  out  of  the  duid  on  the  point  of  the 
needle^  and  to  sustain  its  own  weight.  At  negative  needle  there  was  a 
spumous  yellow  mags,  which  could  be  lifted  in  part  from  the  blood  on 
the  needle's  point,  but  which  had  no  consistence  whatever. 

The  expenments  were  continued  with  Dr.  Keyes,  at  the  slaughlcr- 
house,  the  needles  being  placed  in  the  warm  blood,  as  it  flowed  from 
the  arteries  of  dying  animals,  These  experiments  were  performed 
under  great  difficultitjs,  and  at  some  risk  of  being  kicked  by  the  expiring 
buUocksi  and  did  not  therefore  lead  to  any  important  results. 

Blood  coagulates  so  quickly  after  it  leaves  llic  body  that  when  we 
wish  to  determine  the  chemical  action  of  the  electric  current  on  it,  it  is 
necessary  Co  introduce  the  needles  into  the  vessels  of  the  living  animal^ 
or  into  the  blood,  just  as  it  is  flowing  from  the  vessels. 

During  the  winter  of  1873  Dr.  Beard  made,  with  the  assistance  of  Dr. 
J.  H.  Riymoud,  similar  experiments  on  dogs  and  rabbits.  The  animals 
were  etherized,  cut  open,  and  the  needles  (platinum)  inserted  into 
dilTerent  arteries  and  veins.  In  some  cases  aUo  the  arteries  were  rup- 
tured, and  the  needles  were  introduced  into  die  pool  of  blood  before  it 
had  time  to  coagulate. 

The  conclusions  in  regard  to  the  electro-coagulability  of  the  blood, 
to  which  we  have  been  led  by  these  repeated  experiments  on  animals 
and  on  men  are  these  : 

1.  Both  poles  of  the  galvanic  current  cause  a  clot  in  blood,  eithei 
running  in  an  artery  or  vein,  or  freshly  drawn^  and  stationary, 

2.  The  positive  clot  is  black,  hard,  and  small ;  the  negative  do! 
light,  soft,  and  bulky* 
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3.  These  clots  are  the  result  of  the  electrolytic  action  of  the  current, 
with  the  evolution  of  oxygen  and  hydrogen,  of  acids  and  alkalies,  and 
wheir  subsequent  combinations. 

4.  The  largest  clot  and  most  satisfactory  observation  in  an  artery  ir 
caused  when  both  poles  are  placed  within  the  blood-vessel  and  near  to- 
gether. The  reason  of  this  is,  that  when  the  poles  are  near  together  in 
the  blood,  the  resistance  is  very  much  less  than  when  one  of  the  poles 
is  on  the  surface. 

5.  In  order  to  produce  a  firm  clot  of  sufficient  size  to  obstruct  a 
large  artery,  strong  currents — from  20  to  40  cells — are  required,  and 
quite  protracted  stances.  The  process  of  coagulation  under  the  cur 
rent  is  comparatively  a  slow  one. 

6.  Electro-coagulation  in  a  blood-vessel  is  aided  by  any  compres^on 
that  impedes  the  rapidity  of  the  flow  of  the  blood.  The  slower  the  cur- 
rent runs,  the  more  rapid  and  firm  the  coagulation.  Small  and  recent 
:lots,  especially  those  connected  with  the  negative  pole,  may  possibly 
be  washed  off.  The  practical  bearings  of  these  conclusions  on  the 
electrical  treatment  of  aneurisms  will  appear  in  the  section  on  ElectrcK 
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ELECTRO  COKDUCriVirV  OF  THE  HUMAN  BODY* 

The  chief  constituenC  in  the  human  body  is  water,  which  h  about 
three-fourths  of  its  average  weight.*  The  saline  constituents  which  the 
water  holds  in  solution  vary  in  quantity  and  quality  in  the  different 
tissues  and  the  different  parts  and  organs  of  the  body. 

The  conduciibiUty  of  the  body,  as  a  whole,  may  be  best  understood 
by  regarding  it  as  a  mass  of  water  and  saline  ingredients,  with  solid 
tissue  interspersed-  The  degree  of  resistance  to  the  current  that  differ- 
ent parts  of  the  body  offer  will  therefore  depend  on  their  structure. 
Those  parts  which,  like  the  bones  and  epidermis,  contain  little  water, 
will  offer  a  much  greater  resistance,  and  be  poorer  conductors,  than 
those  parts  which,  like  the  inuscles,  nerves  and  tendons,  and  carti- 
lages, contain  a  large  percentage  of  water-  Soft  parts,  like  the  stomach, 
intestines,  and  mucous  membranes  in  general,  offer  comparatively 
little  resistance,  because  they  contain  so  large  a  percentage  of  saJine 
sohitiotis.  Saline  solutions  conduct  better  than  simple  water,  and 
warm  saline  solutions  conduct  better  than  those  which  are  cold- 

The  human  body,  as  a  whole,  conducts  electricity  fifteen  i&  twenty 
times  better  than  pure  cold  water,  provided  the  skin  is  thoroughly  moist- 
ened. It  owes  this  superior  conductibility  to  the  warm  saline  solutions 
which  it  contains.  According  to  recent  experiments  by  Richardson, 
the  blood  is  the  best  conducting  material  of  tl>e  body. 

Percentage  of  Water  in  ike  Tissues, — To  ascertain  the  -elative  pro- 
portion of  water  in  the  different  tissues  of  the  body  is  a  subject  that 
hati  occupied  a  number  of  observers.  The  results  of  the  different  inves- 
tigations do  not  agree  mathematically,  for  the  reason,  partly,  that  indi- 
viduals differ  in  the  water-holding  capacity  of  their  tissues,  as  in  aU 
other  respects. 

The  following  table  f  gives  at  a  glance  the  results  of  the  different 

investigators  : 

•  Pcreira,  Fmd  nnd  Diti^  Am,  «h,  p.  39, 

f  Ziemssen,  Dit  ElfttrUttfU  in  der  MedtHn^  vierte  gam  omgciiTbcitete  AvAace 
Eriti;  ITallte,  p.  iS- 
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rncsiiTACK  07  water  in  the  tjssues  of  the  human  body. 


Blood  

Gr&y  maltcr  of  ihi  brab, . 
Wliite   "     "   '*  *• 
Gny  miitter  of  spinul  cord 
White   "     **  " 


,  77-2  . 
{Ranke) 


70. »  , 
(Ranlce) 


IE.  fcurhoff) 

85.0 
(Lassaig) 

73-0 
(Lassaig) 
71.0 
(U  H^rit) 

65.0 
(Von  Bibra)^ 

Xerve  m*tter  77.0     "  39.68.... 

(Ranke)  (Von  Bibra) 
Mufcie   gi,2-S4.S...  

(Rfinke) 

Lirer  ,         76.1  .   

{Yon  Bibrt) 

Klasiic  tissue   70. 4   . . 

(Schultie) 

futty      "   So.g   

(Ranke) 

(come*    75-8,.-*,.,........ 

Conrtectrve  lissae  ■?  skin  .  ♦   (His> 

f  ifttefkaitt, , . , , .  57-5- 
(WienhoU) 

Bones — ot  p*rtctciL  14-1^  

(Fried  lebcn) 


New-born  nAIX 

SS.6 
(Biscfcoft) 


Si. 8 
(BischoA) 

(Von  Bibr*) 

(BiscbolT) 

82.5 
(Oidmami) 


79-^-.. 
(Ranke) 


l8-2g 
(Friedlcbenj 


An  examiration  of  the  above  table  shows  clearly  these  two  facts : 

1.  The  percentage  of  water  in  the  different  tissues  of  the  human 
body,  excepting  the  skin  and  bones,  is  almost  uniform — ranging  be- 
Iwcen  70  and  90.  Tbe  percentage  of  water  in  the  skin  is  aUiio&t  two- 
thirds  as  great  as  in  the  brain^  spinal  cord,  and  nerves.  In  the  bones 
the  percentage  of  water  is  one-fifth  that  of  the  soft  tissues. 

2.  There  appears  to  be  more  water  in  the  tissues  of  new-bom  chil- 
dren than  in  adults*    The  difTerence,  however,  is  bu  t  trifling. 

Investigations  of  a  similar  character  have  been  made  on  the  tissues  of 
QXen,  dogs,  frogs,  cats,  hares,  and  rabbits  ;  the  results  do  not  differ  mate- 
rudly  from  those  obtaiued  on  the  tissues  of  human  beings. 

Cf>mpared  with  a  number  of  metallic  substances,  the  human  body 
U  an  exceedingly  poor  conductor.  Thus  it  has  been  estimated  that 
copper  is  several  thousand  million  times  a  better  conductor  than  the 
human  body. 

Dr,  C,  B,  Radclifie  made  three  experiments,  in  which  he  measured  the 
rcsisiance  of  nerve^  tendon,  and  muscle,  as  nearly  of  the  same  shape 
and  size  as  possible.  The  pieces  were  taken  from  the  sciatic  nerve, 
the  lendo-Achillis,  and  the  adductor  longus  of  a  recently  killed  rabbit. 
He  found  the  mean  resistance  of  one  inch  of  the  sciatic  nerve  to  be 
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40,000  units  (see  p.  66) — that  is,  about  eight  rimes  the  resistance  of  uie 
Atlantic  cable  j  of  tlie  CeudoHf  33,000  units;  and  of  the  muscle,  12,004 
unit*.* 

Bortfs  and  SJ^ift  po&r  Conductors. ^A.t  should  never  be  forgotten  that 
tlie  cpideraus,  in  ii  dry  state,  is  a  poor  couductor.  In  practice  thiJ 
resistance  of  the  epidermis  is  overcome  by  tJioroughly  moistening  it- 
The  hair  and  nails  are  also  poor  conductois.  In  making  applications  to 
the  top  of  the  head  it  is  necessar}'  to  ihoroughly  moisten  the  hair.  The 
bones  contain  less  water  than  the  soft  parts,  and  are  ctjnsequently  poorer 
conductors.  Soft  parts  which  are  thus  enclosed  in  a  bony  covering  ar^ 
less  povirerfully  affected  than  soft  parts  which  are  not  so  enclosed. 

T/ic  Current  finds  to  fal'f  the  shortest  Way  hct^twi  the  Ekctrodts.^ 
The  electric  current  alw^ays  takes  the  shortest  and  most  direct  course 
from  one  pole  to  the  other,  provided  the  media  intervening  between  the 
electrodes  is  of  a  anifonn  conductibility.  Wlien,  therefore,  the  positive 
electrode  is  applied  to  one  part  of  the  body^  aud  the  negative  to  the 
other,  the  current  would  diffuse  itself  uniformly  belweiJn  the  poles, 
provided  the  structures  of  the  body  between  them  were  uniform.  But, 
as  has  been  seen,  the  different  parts  of  the  body  vary  widely  in  regard 
to  their  conductibility, — those  which  contain  a  large  quantity  of  saline 
solutions  being  good  conductors*  and,  ince  versA^  iJiose  which  contain 
a  small  quantity  being  poor  conductors, — the  diflference  of  conductibility 
between  muscle  and  bone  being  nearly  tw*enty  to  one. 

The  current  does  not  affect  all  parts  alike,  The  extent  lo  which  anj" 
part  is  directly  reached,  when  the  current  is  applied  over  the  suiface, 
will  depend  both  on  it ^  structure  and  its  situation. 

Soft  parts,  which  contain  a  large  amount  of  water,  like  the  brain, 
spinal  cord,  and  abdominal  viscera,  are  good  conductors,  and  unless 
their  situation  is  unfavorable,  they  are  directly  and  pow*erfully  affected 
by  the  current,  when  applied  to  the  surface  by  means  of  moist  conduct- 
ors. On  the  other  hand,  bone*  which  contains  a  much  less  percentage 
of  water  than  the  muscles  and  soft  parts,  is  comparatively  a  poor  con- 
ductor. Accordingly,  soft  parts  which  are  partially  or  entirely  enclosed 
by  bone  are  much  less  readily  affected  by  external  applications  than 
would  be  the  case  if  tiiey  were  exposed. 

Another  legitimate  inference  from  the  accepted  theories  of  the  nature 
of  electricity,  and  from  wliat  we  know  of  the  relative  conductivity  of 
the  different  tissues  of  the  body  is,  that  when  electrodes  are  placed  un 
the  surface  of  the  body  the  current  moves  between  them  in  a  kind  of 
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miilulative  or  wave-Uke  manner,  extending  on  both  sides  of  the  median 
line  between  ihem  for  a  considerable  distance. 

That  these  theories,  in  regard  to  the  electro-conductivity  of  the  body, 
are  soiuid,  is  proved  in  three  ways : 

I.  Hy  experiment  on  the  living  subject. 

a.  By  direct  experiment  with  the  gaWanoscopic  (rog  and  reflecting 
galranometer  on  the  dead  subject. 

5.  By  ihc  evidence  of  pathological  cases. 

That  the  tendei^cy  of  electricity  is  to  take  the  shortest  road  between 
the  electrodes,  is  proved  by  the  following  experiment:  The  two  fore- 
anus  are  crossed  so  that  they  touch  each  other  a  little  distance  above 
the  wrist.  Placing  now  one  electrode  on  the  outer  surface  of  each  ann, 
md  letting  the  galvanic  current  run,  a  feeling  of  heat  and  pricking  is 
felt,  not  only  beneath  the  electrodes,  but  also,  to  ti  less  degree,  at  the 
fie/ar  surf  acts  of  tJU  forearms  where  ikey  touch  each  other.  On  remov- 
ing the  electrodes  it  is  observed  that  not  only  the  spots  beneath  the 
electrodes,  but  also  the  spots  where  the  arms  touched,  have  become 
retUlened. 

This  shows  that  a  ])ortton  of  the  current  takes  die  shortest  way  from 
one  electrode  to  the  other,  although  that  road  lies  through  two  layers 
of  qndcrinis,  which  is  a  very  bad  conductor. 

A  portion  of  the  current^  in  this  experiment^  goes  up  the  arm,  acrosj 
the  body,  and  down  the  other  arm. 

In  order  to  ascertain  what  ]>roportion  of  the  current  took  the  route 
across  the  arms,  Ztemssen  *  made  the  following  experiment :  Putting 
^me  forearm  over  ihe  other,  as  in  Erb's  experiment,  he  placed  between 
ihcm  iwo  plates  of  zinc,  connected  with  a  delicate  rel^ecting  galvanom- 
eicr  (sec  Electro-Physics,  page  41).  The  result  of  the  experiment,  when 
20  elements  were  directed  across  the  arms,  Avas  a  deflection  of  the 
needle  36.3^.  The  same  arrangement  made  on  the  dead  body  gave, 
with  lo  elements,  a  delleclion  of  8.5*  ;  with  15  elements,  a  deflection  of 
19,7**  ;  with  20  elements^  28.2^.  On  separating  the  forearm,  so  that 
(he  whole  current  must  nm  around  through  the  anus  and  bodyt  he 
fotmd  that  ttith  10  elements  there  was  a  deflection  of  ig-g°;  with  15 
elements,  a  deflection  of  31.7*  ;  with  20  elements,  a  deflection  of  48. 5*, 
The  concUision  was  that  in  each  experiment  one-half  of  the  current 
went  across  through  the  foreanns,  and  the  other  half  up  and  down  the 
arms  and  through  the  body. 

Evidenet  of  PMvh^ieal  Cases.— ^Vfh^x\  ihe  spinal  cord  is  v\  a  condl 


*    .  cit.,  p.  as. 
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Hon  lit  healili,  a  i»oxverfiil  current  may  be  ain>licd  down  the  back  with 
tnit  discomfort  i  but  ia  cases  of  myelitis,  spinal  congestion,  and  oihci 
morbid  states,  very  marked  and  peculiar  symptoms  are  sometimes  ob- 
ser\cd.  We  have  seen  a  case  of  myelitis  when  even  a  very  mild  faradic 
current  over  the  spine*  near  the  supposed  seat  of  the  disease,  caused 
severe  pain  in  the  right  leg  that  continued  for  several  hours*  Such  a 
phenomenon  is  never  observed  in  health.  The  fact  that  ii  does  occur, 
especially  \vhen  the  electrodes  are  not  placed  near  any  prominent 
nerves,  shows  very  clearly  lhal  the  current  affects  the  spinal  cord  in  a 
niore  direct  way  than  by  mere  reflex  action. 

The  sensnitions  of  the  patient,  and  the  results  of  treatment,  also  show 
that  the  stomach,  liver,  spleen,  intestines,  and  the  genital  organs  in 
bolU  sexes,  are  traversed  by  the  current  in  external  applications  of  cither 
current. 

Exf>€t'imtnh  fin  Dead  Subject  with  a  Fro^  Pr€p(irathn,—^Th  opened 
tlie  sknll  of  a  dead  bodyt  took  out  the  brain,  and  covered  the  out- 
side of  tlie  skull  with  pieces  of  muscle  about  three-quarters  of  an 
inch  thick.  Over  the  muscle  pieces  of  skin  were  placed,  and  over 
the  skin  the  electrodes.  The  skuU  was  then  filled  with  the  brain,  in 
such  a  way  as  to  a%*oid  any  direct  connection  with  the  muscle.  The 
skull  was  thoroughly  dried,  and  a  prepared  frog  placed  on  the  cerebral 
matter  A  very  gentle  current  was  then  let  on,  and  both  on  opening 
and  closing  the  frog  contracted  energetically,  showing  that  a  portion  ol 
the  eleciricity  at  least  passed  through  the  brain*  Branch  currents  may 
also  have  gone  around  through  the  layer  of  muscular  tissue ;  bin  the 
important  point,  that  some  of  ihe  electricity  Cook  the  short  way  direct 
thinngii  ihc  sktili  and  brain,  was  in  this  experiment  conclusively  sliown. 

The  same  experiment  with  the  faradic  current  showed  the  same 
result. 

Similar  experiments  on  the  siiinal  cord  showed  that  the  current  pene 
Irated  the  vertebra;  as  readily  as  through  the  skulL 

Actual  Exf^riment  ivitft  a  I^ifi^citn^  Galvan&jnetcr. — Ti)e  evidences 
already  given  are  suRicient*  with  corroboration,  to  establish  the  fact, 
that  the  eleciricfry,  when  applied  to  the  surface  of  the  body,  goes 
through  the  tissues  lying  between  the  electrodes,  and  that  all  the  in- 
temat  organs  may  be  thus  acted  on  by  the  current.  The  mathematical 
demonstrations  of  this  fact  that  have  been  recently  made  byBurchardt, 
and  after  him  by  Ziemssen,  are,  however,  none  the  less  interesting. 
Ziemssen's  method  of  it^vestigation  was  to  insert  two  platinum  needles 
insulated  to  their  points,  into  the  organ  to  be  experimented  on,  as  the 
brain,  spinal  cord,  sympathetic,  lungs,  liver,  etc*,  and  connect  them  with 
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a  delicate  \V'iediiiann*ii  relieciiii^  gu^lvanomcter,  wViiIl-  the  electrodes  of 
a  galvanic  baticry  of  (row  1  to  50  dements  %verc  applied  exUrnaUy^  \n 
such  a  way  liiat  Uie  current,  in  passing  from  one  to  the  other,  miisl 
l>a&s  through  Ihe  place  where  the  points  of  the  needles  were  inserted. 
These  experiments  were  performed  on  the  dead  subject,  and  on  ajii- 
mals,  living  and  dead,  Unpolarizable  needles  (Klectro-Physks,  p>  3:) 
were  u^ed.  The  body,  or  \yxs.\  to  be  examined,  was  isolated  on  wood 
or  glass.    By  liiese  means  he  easily  demonstrated  these  two  facts  ; 

1.  That  all  the  internal  parts  and  organs  of  tht  My  i*an  be  traversed 
Ay  derived  currents  {^^^  page  29)  wlun  ihe  eleetrodcs  CQHtueted  with 
a  gah*anic  battery  are  pr&perly  placed  on  the  skin. 

When  the  electrodes  are  placed  on  the  head,  derived  currents  paa? 
through  the  brain.  When  the  electrodes  are  placed  on  the  spine,  de- 
rived currents  pass  through  tlie  cord.  In  the  same  way  U  was  denioti' 
strutcd  tlxat  the  sympathetic,  heart,  lungs,  liver,  spleen,  intesfines,  and 
bladder  were  traversed  by  derived  currents  whon  die  elccirodts  were 
applied  respectively  10  the  ncckf  th-jrax,  and  abdomen.  Similarly  also 
the  nerve-plexuses  and  grtat  veins  were  shown  to  be  traversed  by  cur- 
rents when  external  applications  were  made. 

2.  The  derived  currents  were  rtsttally  mast  powerfut^  that  ts,  the 
greatest  quantity  of  electricity  passed  in  a  direct  line^  between  the  eiec- 
irvdes. 

When  the  end;!  of  ihe  vmpolarlzable  needles  were  removed  from  one 
aQothcTT  near  the  central  line,  the  needles  showed  less  and  less  deJ3cc- 
lion,  proving  that  the  derived  currents  were  weaker.  To  this  general 
law  there  are,  however,  exceptions.  The  current  which  contains  a  very 
laige  percentage  of  waler  conducts  electricity  better  than  other  neigh- 
boring parts,  even  wlien  out  of  the  ajtis  of  the  curve, 

J,  The  derived  currents  can  be  sent  through  ihe  internal  parts  in  any 
direction^  and  increase  in  strength  wjfh  inercase  in  the  strength  &f  the 
prirtcipai  current. 

When  the  principal  current  is  reversed,  tlie  derived  currents  will  be 
reversed  also.  In  one  experiment,  on  the  dead  body  of  a  young 
man,  the  electrodes  of  itie  principal  current  were  placed  behind  the 
ears.  Two  holes  were  made  iu  the  parietal  bones,  in  the  track  be- 
tween the  electrodes,  and  two  other  holes  were  made,  about  six  centi- 
metres farther  forward,  and  about  eight  centimetres  from  each  other. 
In  the  boles  made  through  the  bones  into  the  brain  were  placed  the 
unpolarizable  needles  connected  with  the  reflecting  galvanometer. 
Two  needles  were  also  in  the  tubercula  quadrigemina.  The  results  Oi 
the  observations  are  contained  in  the  fallowing  table  : 
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Kcedles  in  po&terior  Needles  in  anterior  Needles  in 

No>  of  eleraeniSy           poles  indirect  line            poles  out  of  lubercuia 

of  cuTrent.                   direct  liue.  qoadriccmuv^ 

5                                                 0.6^  1.6* 


In  the  above  observation,  which  may  be  regarded  as  a  crucial  and 
convincing  one,  these  three  points  are  distinctly  proved  ; 

J^trsf^  That  the  current  passes  fronn  one  electrode  to  the  other 
through  bone  and  brain. 

Secifnd,  That  most  of  the  derived  currents  take  the  direct  route  ta  tJje 
axis  between  the  electrodes,  and  that  the  strength  of  the  derived  currents, 
the  conductivity  of  the  parts  being  the  same,  diminishes  in  proportion 
to  their  distances  from  the  axis. 

Third^  That  the  Lubcfcula  quadrtgeinina,  by  virtue  of  thetr  fluid 
structure,  conduct  electricity  better  than  the  after  parts  of  the  brain. 

FQurth^  That  the  strength  of  the  currents  seat  through  ihe  body  ij 
proportioned  wiih  considerable  exactness  to  the  strength  of  the  current 
employed  in  the  application. 

The  laws  of  conductivity  of  the  body,  as  here  demonstrated  in  the 
brain,  have  also  been  similarly  demonstrated  in  the  spinal  cord  and  m 
all  the  organs  of  the  thorax  and  abdomen. 

The  grand  conclusion  from  all  these  experiments,  and  from  clinical 
ex])crience,  is  that  the  eUctro  conductivity  of  ihe  humati  body  is  Uf  be 
explained,  mainty^  by  the  ordhtary  physical  laws  of  ele£tt'a-emduttion^ 
and  only  to  a  very  limited  extent  by  physiifUgy. 

/Vtysioli^^y  and  pat/nfli^gy  may  come  in  to  modify,  to  a  slight  extent, 
the  conductivity  of  the  body  j  for,  as  we  have  seen,  individuals  differ  in 
iheirconductivit)'.  Increase  in  the  quantity  of  blood  or  salts  in  the  body 
increases  the  conductivity,  and  diminution  of  blood  or  of  the  salts^  aa 
takes  place  in  some  diseasest  diminishes  the  conductivity.  But  all 
these  varying  factors  have  ca.u3ed  only  a  very  slight  perturbation  of  the 
physical  laws  of  electro-conductivity* 

There*  is  some  dilTerence  in  the  conductivity  of  the  living  and  dead 
body,  but  this  diiference  can  mostly  be  explained  by  j^ywoi/ principles. 
It  may  wetl  be  questioned  whether  the  principle  of  life,  whatever  thai 
may  be,  exerts  any  very  important  influence  on  electro-conductivity. 
Biirchardt  found  that  when  more  saline  solutions  were  injected  into  the 
dead  body  the  electro  conductivity  was  increased.    This  is  just  'vhal 
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wc  should  expect  on  physical  principles,  because  warm  saline  soluiions 
are  good  conductors  of  electricity  in  the  body  or  out  of  it. 

According  to  Ranke,  living  muscle  conducts  much  worse  than  deai" 
muscle,  the  proportion  being  as  loo  to  56.  Living  muscle  conducts 
ii5»ooo,oob  times,  and  dead  muscle  64^400,000  times  worse  than 
copper  Dead  muscle  conducts  better  than  living,  on  account  of  the 
decompo&itiaa  and  chemical  changes  that  take  place  after  death,  and 
especially  on  account  of  the  accumulation  of  Eactic  acid. 

JEl^firo-t^ndtitHvity  modifitd  by  Age  and  Temperament. — Young  peo^ 
pic  oflcr  greater  resistance  than  old  people,  for  the  probable  reason  thai 
the  tissues  of  the  old  contain  more  of  the  salts  than  those  of  the  young. 
The  hands  of  those  who  labor  widi  muscle,  and  whose  epidermis  is 
thereby  thickened,  offer  greater  resistance  than  the  hands  of  those  who 
live  by  brain  alone.  The  right  hand,  being  more  used  llian  tlae  left, 
has  a  thicker  epidermis,  and  therefore  presents  a  greater  resistance. 

Different  individuals  of  the  same  age  and  condition  differ  in  theii 
conducti\-ity  in  a  manner  that  cannot  be  rnlly  explained.  V\Tien 
"shocks*'  of  a  battery,  or  faradic  machine,  or  Leyden  jar  are  sent 
through  a  number  of  persons  in  a  rowj  some  will  feel  it  slightly,  others 
strongly,  and  perhaps  one  or  more  maybe  almost  if  not  quite  pros- 
(rated.  This  fact  may  ex^jlaia  some  of  the  freaks  of  lightning,  for  it 
has  long  been  known  that  when  a  number  of  persons  are  standing  near 
logeiher  some  may  be  struck  down  and  others  unharmed.  Some  Indians 
and  negroes,  it  is  said,  can  take  hold  of  the  electric  eel  withuut  receiving 
sliocks. 

The  same  individual  may  conduct  differently  at  different  limes.  As 
ihc  body  is  perpetually  changing,  as  it  varies  in  its  intimate  constitu- 
tion, not  only  from  year  to  year,  but  from  day  to  day,  and  from  momeni 
to  moment,  it  is  easy  to  understand  why  it  should  vary  in  its  su^rep- 
tibtlity  to  electricity,  just  as  it  varies  in  its  susceptibility  to  the  arhcEec 
of  ordinaiy  food,  to  stimulants  and  narcotics^  and  to  internal  medi* 
cation. 


CHAPTER  XL 


THE  EFFECT  OF  ELECrRIdTY  ON  NUTI CTION. 

It  is  not  a  little  surprising  that  electricity  should  have  been  used  ai 
a  therapeutic  agent  for  more  than  a  century  before  it  began  to  be 

recognized  among  scientific  men  as  a  powerful  means  of  aiding  nutri- 
tion. In  1867,  after  a  series  of  preliminary  experiments,  mainly  con- 
ducted by  Dr.  Rockwell,  we  ascertained  that  electrization  was  a  ionit 
of  most  remarkable  efficacy;  that  its  permanent  tonic  effects  were,  in- 
deed, far  more  wonderful,  as  well  as  more  valuable,  than  its  primary 
stimulating  effects.  When  we  announced  this  discovery  to  the  pro- 
fession, in  our  Treatise  on  the  Medical  Use  of  Electricity,  the  statement 
was  received  by  many,  and  especially  by  those  accustomed  to  and 
familiar  with  other  electro-physiological  and  electro-therapeutical  re- 
searches, with  incredulity  and  surprise. 

The  attention  of  observers  has  been  so  exclusively  directed  to  the 
primary  stimulating  effects  of  electricity,  that  they  have  neglected  to 
pursue  the  subject  further,  and  to  study  its  permanent  effects  on  nutrition. 

The  effects  of  the  passage  of  electricity  through  the  body  are  of  a 
fourfold  character : 

1.  Mechanical 

2.  Physical. 

3.  Chemical. 

4.  Physiological, 

Inasmuch  as  the  effect  of  electricity  on  nutrition  is  a  resultant  of 
all  these  four  orders  of  effects,  it  is  necessary  to  speak  of  each  in 
some  detail. 

The  mechanical,  physicaly  and  chemical  effects  of  electricity  on  the 
body  are  similar  in  character  to  the  same  effects  of  electricity  on  any 
substance  whatever ;  the  physiological  effects  are  those  which  take 
place  in  virtue  of  the  vital  properties  of  the  tissues.  The  mechanical 
effects  of  electricity  on  the  body  arc  most  markedly  appreciated  undei 
the  faradic  current.  The  reason  is  clear  from  the  nature  of  the  faradic 
current.  It  is  a  current  of  alternation,  of  to-and-fro  motion,  of  con 
itant  closing  and  breaking  (see  Electro-Physics,  p.  54),     When  it 
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kfliHpi  through  the  body^  even  when  it  produces  no  muscular  coiitrac* 
Oiflflt  acts  very  nnich  in  the  same  way  as  gentle  tapping,  or  pound* 
mg,  or  nibbing  on  the  tissues;  and  this  gives  passive  exercises  to  all 
ihe  deeper  lying  as  well  as  the  superficial  tissues*  We  may  believe 
that  the  molecules  of  the  tissues  are  agitated  by  the  passage  of  the 
Gurrcvil,  a&  the  particles  of  a  bar  of  iron  arc  moved, by  the  influence  of 
fuagneri^auon  (sec  p.  9),  or  as  bodies  are  expanded  by  heaL  The 
numerotis  branch  currents  going  to  and  fro  act  as  so  many  shuttlecocks, 
keeping  every  atom  in  incessant  disturbance.  That  the  simple  process 
of  tapping  on  the  surface  of  the  body,  by  means  of  the  znhraU&tis  that 
it  exciees,  has  a  positively  benelicial  effect  in  certain  chronic  affec- 
tiotis,  has  long  been  recognized.  It  is  reasonable  to  suppose  that  thia 
beoelicial  effect  is  in  part  due  Co  the  increase  of  endosmotic  action. 

physical  £fftcts. — The  physical  effects  of  the  passage  of  electricity 
ihroggh  the  liody  are  hea/^  and  the  m^dijkation  of  rndtysmose  and  exos- 
mifse^  and  the  iransferrence  of  substances  from  0fie  poh  to  the  other. 

The  heat  excited  in  the  body  by  the  simple  passage  of  a  weak  cur- 
rent  that  canses  no  muscular  contraction,  is  small ;  but  there  is  little 
question  that  heat  is  thus  excited,  although  it  is  difficult  or  impos:*ible 
to  meA^ure  it  by  the  thermometer.  The  main  arguments  in  favor  of 
this  belief  are  (i).  that  all  conductors  of  electricity  become  heated 
more  or  less  in  prc>in>riion  tt»  their  resistance — the  body  oflrt.'rs  great 
resistance,  and  more  or  less  of  the  electric  force  must  be  converted 
inio  heat ;  and  (2),  ptnverfui  currentSt  either  gaJi^anic  or  faradic, 
even  when  not  use<l  so  as  10  excite  muscular  contractions,  cause  in- 
crease of  heat  in  the  track  of  its  passage,  so  niarked  as  to  be  easily 
detected  by  the  touch.  No  thernionieier  is  necessary  to  show  that  in 
ctcriroiytic  operations,  where  strong  currents  are  used,  the  tissues  near 
the  needleSf  and  between  ihem,  become  intensely  heated,  so  that  to 
rest  the  finger  ori  them  almost  causes  pain.  This  fact  we  have  demon- 
strated over  and  over  again  in  various  parts  of  the  body.  It  is  equally 
clear  that  ihe  faradic  current,  even  when  not  very  powerful,  raises  the 
lemperature  of  the  parts  through  which  it  passe^i.  The  sensation  of 
xh^  patient  and  palpation  by  the  operator  demonstrate  this  beyond 
doubt.  Cold  extremities  are  warmed  sensibly  and  quite  rapittly  by 
faradisation  or  galvanization,  even  when  no  sensible  muscular  contrac- 
lions  are  iiroducedby  the  current.  It  is  logical  to  infer  that  very  weak 
currents,  cither  faradic  or  galvanic^  cause  a  slight  increase  of  heat  by 
virtue  of  the  passage  of  the  current,  and  as  a  physica!  effect  of  such 
ivassage,  without  reference  to  the  physiologieal  phenomenon  that  must 
accompany  the  physical  phenomena,  which  must  probably  also  cause 
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a  Hse  of  the  temptTatare.  Schiff  declares,  as  a  result  of  his  observa 
lioDS,  that  a  nerve  is  warmed  by  an  almost  momentary  passage  of  the 
current. 

A  second  important  physical  effect  of  the  passage  of  an  electric  cur- 
rent through  the  body  is  the  transference  of  substances  from  oic  pote 
to  the  other.  This  yhysicat  effect  of  the  current  has  long  been  recog- 
nized. In  the  electric  light,  for  example,  the  particles  of  carbon  go 
from  the  positive  to  the  negative  pole,  and  to  so  marked  a  degree  that 
the  positive  carbon  is  r^uite  rapidly  worn  away,  A  very  remarkable 
illustration  of  this  transfereqce  of  matter  in  the  track  of  electricity  some- 
Limes  occurs  in  lightning  stroke.  Trustworthy  cases  are  reported  of 
individuals  who  have  been  found  struck  dead  by  lightning,  and  bearing 
on  their  bodies  distinct  tinagus  or  impressions  of  some  object,  as  a  tree 
or  house,  near  which  they  stood  when  they  fell. 

In  1864,  at  Nibelle,  in  France,  three  men  who  were  gathering  pears 
were  struck  by  lightning.  One  was  killed  at  once.  The  others  were 
thrown  to  the  ground  unconscious,  and  one  of  these,  when  taken  home, 
was  found  to  have  on  his  breast  a    distinct  daguerreotype  of  the  tree." 

In  i860  a  woman  of  Sisonne,  in  France,  who  w^as  struck  by  lightning, 
carried  on  her  back  a  complete  image  of  a  tree — 'trunk,  branches,  and 
leaves — ^that  was  near  the  place  where  she  fell.  A  similar  case  is  re- 
corded by  Franklin.* 

The  explanation  of  all  these  cases  is  the  same.  The  particles  of  ibe 
tree,  reduced  to  great  fineness  by  the  electricity,  are  mechanically  trans- 
ported and  burned  in  the  ^k\n.  The  process  is  therefore  not  chemical, 
but  mechanical  and  thermic. 

Bodies  have  been  literally  tattooed  in  this  way.  Transference  of  sub- 
stances is  a  part  and  result  of  the  electrolysis  in  organic  substances 
already  described  (Electro- Physics,  p,  47),  and  also  of  the  electrolysis 
of  organic  bodies  to  be  hereafter  described. 

The  electric  currents  also  exercise  a  positive  and  very  interesting  in- 
fluence over  endosmosc.  Ry  the  passage  of  a  galvanic  current  the  endos* 
iDOlic  phenomena  may  be  both  sliniulated  or  reversed.  This  is  shown 
in  (he  following  experiment  of  Dutrochet :  A  tube  containing  gum- 
water  is  closed  at  one  of  its  ends  by  animal  niejubrane  and  dipped  in 
a  vessel  containing  common  water.  By  the  ordinary  operation  of  the 
laws  of  endosmosis  the  gum-water  rises  in  the  tube  on  account  of  the 
TDtrance  of  some  of  the  ordinary  water  through  the  membrane  into 

*  Dcftth  by  LisIttnioiJt  hy  M.  Dr.  Fedet  (Clermont  Ferntnd),  GatffU  rf« 
(atUf  June  S-io,  iS;2,  traiutateU  in  T/t^  Clinkt  July  6,  1S73. 
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Sic  tobe.  BiU  if  the  positive  pole  of  a  galvanic  battery  be  placed  in 
the  common  water,  and  the  negative  pole  in  the  gum- water,  the  cndos- 
rootic  acticii  is  stimulated  to  stich  a  marked  degree  that  the  level  of  the 
gum  water  rifics  with  much  greater  rapidity ;  if  we  reverse  the  pole  the 
>evcl  of  the  gum-water  in  the  tube  sinks  instead  of  ri$cs.  The  faradic  cur- 
rcnl  from  the  secondary  coil  produces  no  such  effect.  The  current  from 
the  inner  coil — the  extra  current  so  called— produces  these  eflfects  to  3 
less  degree*  It  is  pretty  clear»  therefore,  that  these  phenomena  de- 
pend on  the  ^h^mitiji^  and  not  on  the  mechanica!  power  of  the  current, 

Eifcirieal  Endosmosis  ts  tnflutnctd  by  Strength  of  Current  and  Resist- 
anttfff  Circuit.  —  It  is  found  that  the  quantity  which  rises  is  in  exact  pro- 
portion to  the  strength  of  the  current,  ami  to  the  extent  of  the  porous 
surface.  It  has  been  found  that  the  greater  the  resistance  of  the  liquid 
to  electrolysis^  the  more  it  yields  to  this  endosmotic  action. 

The  above  ]ihenomena  have  been  densonstrated  al  different  times,  aniJ 
by  a  variety  of  observers, 

IJesides  the  physical  effects  above  describedj  there  may  be  many 
others  that  we  cannot  at  present  recognize  or  appreciate,  but  which 
may  be  revealed  by  the  spectroscope  and  other  means  of  refined  re- 
search. 

Afttr  Phyucai  Effecfs  oj  ihf  Ct4rrents. — Tt  has  been  observed  that 
|/laiimin]  wires  are  contracted  by  the  passage  of  electric  currents  through 
them,  and  that  copper  wires  that  are  nsed  for  conducting  electricity 
become  brittle  thereby.  The  ditVerenlial  action  of  the  faradic  and  gal- 
vanic currents  in  this  respect  is  quite  interesting,  for;,  according  to 
KuhnikorfT.  the  copper  wires  that  conduct  faradic  current?  break  more 
speedily  and  more  fieqtienlly  than  those  which  conduct  galvanic  currents. 

Tliis  physical  fact  is  very  suggestive  of  what  may  be  facts  in  physi- 
nlCT£;y  and  pathology.  We  have  already  seen  that  magnetization  has 
physical  effects  of  a  most  decided  character.  VVe  have  seen  that  it 
causes  sounds  to  proceed  from  t1ie  body  magnetised  ;  that  the  bodr 
magnetized  also  becomes  elongated  ;  and  that  this  elongation  is  proba- 
Ifly  due  to  iho  fact  that  the  particles  arrange  themselves,  during  niag- 
netization*  lengthwise  in  ihe  direction  of  the  bar.  It  is  not  improbable 
that  the  liuman  body  in  health  and  in  disease  may  also  be  changed  by 
the  action  of  the  currents  in  a  manner  that  we  do  not  yet  comprehend, 
and  that  such  physical  or  ])hy^iologicai  changes  may  account  for  soine 
of  ihe  therapeutic  eflects  of  electrization.  This  probability  applies 
especially  to  the  after  effects  of  electrical  treatment,  effects  that  are 
noliced  not  while  the  applications  are  being  made,  or  during  the  course 
of  the  tie.itment,  but  weeks  and  months  after  the  treatment  is  diLSCon- 


ELE<  rRO-PHVStOLOGy, 


tinned.  On  this  subjett  we  shall  speak  in  more  detail  in  thesectici  or 
EicCtrO'Therapeiitics. 

Chemical  Effects. — The  chemicaJ  eflects  of  the  current  are  mainly  of 
an  tiecir^lytU  character.  They  consist  of  an  electro  chemical  coinposi- 
tioii  of  the  tluids  of  which  the  body  is  coniijosed.  The  geoera.1  laws 
and  phenomeaa  of  electrolysis  in  its  relation  to  inorganic  substances 
have  already  been  set  forth  in  the  chapter  on  that  subject  in  Electro- 
Physics,  It  remains  for  us  liere  to  speak  of  electrolysis,  in  its  rela- 
tion to  organic  life.  At  the  outset  we  may  remark  that  there  is  no 
evidence  that  organisaiion^  as  such,  seriously  modilies  electro-chemical 
decoinjxjfiition.  The  fluids  of  the  body  decom[JOse  under  the  influence 
of  the  ciirronlj  just  as  the  same  combination  of  Huidis  with  tissue  would 
decompose  If  not  endowed  with  lift?.  If  the  results  of  the  electrolysis 
of  the  dead  body  are  difterent  from  the  results  of  the  electrolysis  of 
the  living  body,  it  is  because  of  the  chemical  changes  that  take  place  in 
the  body  after  life  has  departed. 

The  human  body  is  com]>05ed  of  fourteen  dififerent  chemical  sub- 
stanceSj  many  of  which  are  singly  capable  of  decomposing  under  the 
current,  and  in  theur  various  combinations  are  capable  of  many  deconi- 
(>osilions  and  recompositions,  with  secondary  results  that  cannot  well  be 
estimated. 

The  general  facts  of  the  electrolysis  of  inorganic  substances,  the  ap- 
pearance of  oxygen  and  acids  at  the  positive  pole,  and  hydrogen  and 
alkalies  at  the  negative  polcj  apply  also  to  the  electrolysis  of  the  living 
body.  The  great  law  arrived  at  by  Faraday^  that  in  clectrolysts 
substances  are  deconii>oscd  in  equivalent  proportions  (see  Electro- 
Physicst  p.  46),  also  finds  no  exception  or  interference  in  organic 
structures. 

Som^  0/  the  Phenomena  of  Ehctrolysts  of  Living  and  Dmd  Tissues.  - — 
fn  order  to  determine  the  electrolytic  effect  of  the  current  on  orgaiiic  stib 
stances  we  have  n*ade  a  wide  variety  of  experiments  on  both  living  and 
dead  tissues,  fluid  and  solid,  in  a  normal  as  well  as  pathological  condi- 
tion, on  animals  and  mtn.  We  have  tried  the  galvanic  current  on  the 
voluntary  and  involuntary  muscles  ;  on  the  mucous  and  serous  nicn>- 
braues  ;  on  bri,un,  spinal,  and  nerve  matter;  on  the  lungs,  the  heart,  the 
liver,  spleen,  stomach,  intestines,  bladder,  uterus  ;  on  the  saliva  and  the 
urine  ;  on  the  cartilage  and  on  bones.  The  general  conclusions  at 
whi".h  we  have  arrived  from  these  experiments  are  these  : 

1.  All  these  animal  tissue^^,  livmg  or  dead,  decompose,  so  far  as  cat* 
be  seen,  like  inorganic  substances,  and  by  uniform  laws. 

1.  The  fact  most  patent  to  superficial  observation  is  that  tlie  rapidity 


of  ihc  electrolysis  dL'jM^nds  more  on  the  amount  of  fluid  in  ihe  Li&suea 
than  on  all  other  factors  combined. 

3,  The  great  difference  in  the  effects  of  electrolysis  on  organic  and 
inorganic  substances  is  seen  after  the  current  ha*,  ceased  to  act.  Id 
the  electrolysis  of  most  inorganic  substances — such  for  example  as  iodide 
of  poCAsaium,  acetate  of  lead^  chloride  of  sodhim,  and  so  forth— the 
effects  cease  as  soon  as  tlie  current  ceases ;  the  substances  remain  in 
the  condition  that  the  current  left  them.  The  electrolysis  of  organic 
substances  starts  a  process  that  cmiiinuts  hng  after  the  current  ceases  to 

Electrolysis  of  the  While  €f  an  £^g. — When  the  white  of  an  egg  is 
cU^clrolyicd  by  copper  needles  or  wire,  white  flakes  rapidly  fonn  around 
the  needle  connected  with  the  negative  pole,  covering  the  needle  as 
cotton  covers  a  bobbin  of  a  loom.  This  white  covering  soon  becomes 
detached  from  the  needle,  if  the  current  is  tolerably  strong,  and  floats 
on  the  surface  of  the  albumeiij  and  then  another  similar  envelope  is 
formed  over  the  needle.  In  a  little  time  the  surface  of  the  albumen 
brctwnes  covered  with  white,  slight  masses,  resembling  what  axe  knowi: 
on  our  tables  as  "floating  islamls."  These  foraiaiions  are  not  coagula, 
as  might  be  supposed,  but  are  simply  composed  of  hydrogen  gas  qnvel 
oped  by  ver)'  thin  layers  of  albnmen,  into  which  it  is  mechanically  driven 
by  the  electrolytic  action^  afier  the  analogy  of  soa|vbitbblcs  and  the  froth 
of  a  beaten  egg,  where  the  diiitension  is  caused  by  common  air  envel- 
oped by  water  and  albumen. 

Besides  these  changes  the  albumen  becomes  discolored,  and  reddish- 
yellow  streaks  ar«  found  at  both  poles.  This  discoloration  is  due  }>artly 
to  the  action  of  the  oxygen  or  the  albumen  on  the  copper  of  the  elec- 
trodes. 

Although,  as  has  been  said,  pluttnttm  wires  at  the  point  of  insertion 
into  the  substance  are  best  for  these  expenmeuts,  since  they  are  not 
4Mted  on,  and  exhibit  the  changes  in  their  punty,  yet  a  common  sewing 
or  darning  needle,  or  copper  wire,  will  answer ;  but  it  shotdd  be  borne 
Ln  mind  that  tlic  action  of  the  substances  on  these  will  complicate  the 
observation,  and  that  they  will  in  a  short  time  become  destroyed  by 
oxidation, 

^ieetrolytis  of  Fresh  MUk. — When  fresh  cow's  milk  is  electrolyzcd 
with  platinum  needles  an  odor  of  chlorine  ts  distinctly  perceived,  due  to 
deoomtJOsitioti  of  the  chloride  of  sodium,  and  little  islands  of  foam  appear 
DTI  the  surface.  This  foam,  on  being  broken  up,  gives  forth  an  odor  of 
chlorine,  and  disat»pcars,  showing  that  it  is  not  coagulated  albumen, 
but  simply  chlorine  gas  and  albuminons  envelopes. 
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Ekcfrohsh  tff  (hi  Aqueous  nnti  Vitreous  Humors  of  the  Eyt.—^^N)\CTi 
^iUtinum  necdJes  connected  with  a  galvanic  current  are  inserted  into 
llie  aqueous  and  vitreous  humors  of  the  eye  of  a  dead  or  dying  nibbit, 
rapid  electrolysis  takes  place  at  both  poles,  with  evolution  of  gases  in 
albuminous  envelopes-  A  cloud  reseii>bling  cataract  is  speedily  formed 
over  the  pupil,  and  iti  a  few  moments,  if  the  current  be  of  medium 
strength,  t]ie  covering  of  the  eye  will  be  ruptured,  with  a  violent  escape 
of  albumen-cnvetoped  gases.  This  process,  which  Dr.  Beard  has  fre- 
quently studied  in  the  eyes  of  rabbits  and  dogs,  b  similar  to  that  which 
takes  place  in  the  eleclrolysis  of  hydrocele  and  of  certain  cystic  tumors. 

EUctrolysis  af  Btef.—XK  is  possible  to  gain  a  measurably  correct  idea 
of  what  changes  take  jilace  during  and  after  electrolysis  of  the  hving 
body^  in  health  or  disease,  by  studying  ihe  phenomena  that  appear 
during  electrolysis  of  dead  tissue.  If  a  piece  of  beefsteak,  for  example, 
be  subjected  to  the  action  of  the  galvanic  current  by  needles  connected 
with  ihe  positive  and  ncg^uive  poles,  a  process  soniewhai  resembling 
frying  can  be  distinctly  seen  and  heard  and  felt  \  more  si>ecifically, 
bubbles  of  hydrogen  appear  at  the  negative  pote.  and  a  kind  of  hissing 
sound  is  heard,  even  when  the  ear  is  ai  some  little  distance^  and  a  posi. 
tive  sensation  of  heat  ts  felt  when  ihe  fingor  is  pressed  over  the  part 
that  is  being  electrolysed.  Under  the  microscope  this  process  can  be 
more  closely  studied*  Chemical  examination  shows  that  oxygen,  acids, 
and  albunjon  go  to  the  positive  pole^  while  hydrogen,  alkalies,  and 
coloring  matter  go  to  the  negativcj  and  the  action  at  the  negative  poic 
is  much  greater  tlian  at  the  positive.  Under  iliis  proce^  the  beef  be- 
comes gradually  dried  and  changed  in  color,  owing  to  the  disappearance 
of  the  watery  constituents  and  the  other  electrolytic  action;  and,  in 
proportiots  as  the  beef  grows  drier  and  the  fibres  begin  to  lose  their  ad- 
herence and  fall  apart,  the  electrolytic  process  becomes  less  and  less 
active,  because  there  is  less  fluid  on  which  to  act. 

For  some  hours  after  the  needles  are  removed^  the  process  of  drying 
and  disintegration  and  decoloration  goes  on,  until  the  portion  that  Ues 
between  and  near  the  poles  shrivels,  contracts,  and  crumbles,  until  it 
resenibles  the  burnt  corners  of  a  piece  of  roast  beef 

EUctrolysis  of  Fruits  and  Vegetables, — We  have  experimented  oa  a 
variety  of  fruits  and  vegetables — ^%  oranges,  lemons,  apples,  pears, 
peaches,  potatoesj  turnips,  etc  The  effects  of  the  electrolytic  action, 
as  they  aijpear  to  the  eye  and  the  ear,  though  consistent  with  the  great 
general  laws  of  electrolysis  of  inorganic  substances,  yet  are  more  or  lesi 
modified  by  the  varieties  of  structure*  When  a  sound  apple  is  electro- 
lyr,edt  the  part  around  die  negative  needle  changes  in  color  and  look; 
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as  though  it  had  been  bruised  and  was  beginning  to  decay,  and  iUg 
needfe  soon  becomes  loosened  and  will  easily  fall  ouL  The  process  of 
drying  and  decoloration  goes  on  after  the  operation  h  dlscontinutd.  In 
fruiu  and  vegetables  tlie  electrolytic  changes  tliat  take  place  are  largely 
due  to  ihe  electrolyzatton  of  water,  which  is  aided  by  the  acids  that 
ihcy  contain. 

When  muscles  have  been  separated  from  the  body  and  submitted  foi 
vera]  days  to  the  action  of  a  strong  galvanic  current^  there  have  been 
"~d  at  the  positive  pole  sulphuric,  phosphoric,  hydrochloric  and  azo- 
ttcid^s  and  at  the  ne^jitive  pole  alkalies— as  soda,  potassa,  and  am- 
luonia. 

Kegros  and  Onunus  have  shown  that  when  an  alkali,  as  carbonate  ol 
soda^  is  placed  at  tliu  positive  pole  in  electrolysis  of  the  human  body, 
UJ^d  an  acid — as  iarta,nc  acid — at  the  negative  pole,  the  usual  eschars 
have  not  been  Cornied,  This  would  seem  to  indicate  that  the  cauteriza- 
tion in  electrolysis  is  due  in  part  to  the  acids  and  alkalies  that  result 
friiiTi  the  decomposition. 

This  cautei  ij^ing  action  is  not  solely  due  to  the  adds  at^d  alkalies,  for, 
when  other  acids  and  alkalies  are  applied  to  the  body,  eschars  of  the 
same  degree  are  not  obtained.  The  current  penetrates  and  pervades 
the  li.'isiies  and  induces  various  changes  beyond  and  beneath  the  eschar, 
which  changes  continue  long  after  the  current  is  broken. 

The  piienomena  above  described  all  occur  under  the  gaivafiic  cur- 
rent, and  with  needles  as  electrodes. 

The  current  from  the  primary  coil  of  the  faradic  machine*  has  some 
cleclrolylic  power,  and  even  the  current  from  the  secondary  and  ter* 
tiary  coib  is  not  without  some  chemical  effect*  It  is  not  necessary  to 
use  needles  or  pointed  electrodes  of  any  kind  in  order  to  produce  elec- 
Irolysii  ;  but  with  a  suHicient  strength  of  current  the  phenomena  may 
be  produced  by  large,  flat,  metallic  surfaces.  There  more  or  less 
electrolysis  in  att  the  ordinary  applications  of  electricity  to  the  body, 
whether  made  with  metals  or  sponges,  small  or  large. 

Physwlogical  Effects, — The  physiological  effects  of  electricity,  pro- 
perly so  called,  are  Uiose  which  take  place  by  virtue  of  the  intal  proper- 
ties of  the  body.  The  other  effects  above  described — mechanical, 
physical,  and  chemical — are  not  peculiar  to  living  bodies  ;  they  are 
observed  on  the  dead  as  well  as  the  living,  on  inorganic  as  well  as 
organic  substances,  although  they  are,  as  we  have  seen,  more  or  less 
R'Cxlified  by  vitality.  But  the  physiological  effects  of  which  we  are  here 
10  si>eak  are  peculiar  to  organization  \  they  cease  when  Ufe  ceases,  fot 
ibey  ire  mainly  llie  modification  of  the  vital  processes  by  electricity. 
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There  are  in  general  four  ways  in  which  electricity  applied  o  the  t» 
lues  modifies  their  physiological  functions  :— 

1.  It  may  increase  them. 

2.  It  may  diminish  them. 

3.  It  may  arrest  them, 

4.  It  may  modify  dieir  quality. 

Some  of  the  more  important  illustrations  of  their  effects  have  been 
already  discussed. 

We  tiave  seen  that  electricity,  according  to  tlie  kind  that  13  employed, 
and  according  to  the  method  and  strength  and  length  of  the  appUca 
tioa,  causes  various  phenomena  on  the  ttkin,  contracts  voluntary  and 
involuntary  muscles  when  applied  either  to  the  muscles  themselves  <M 
to  the  nerve-s  that  supply  them,  and  increases  the  process  of  oxidation^ 
and  raises  tire  temperature,  excites  the  nerves  of  common  and  special 
sense  so  as  to  cause  pain,  flashes  before  the  eyeS;  noises  in  the  ears,  and 
a  peculiar  taste  and  odor.  When  ap[)]icd  to  the  pneumogastric  i* 
increases,  diminishes,  or  arrests  the  action  of  the  heart. 

It  remains  here  to  speak  of  the  following  physiological  effects  of  elec- 
tricity : — 

1.  On  the  circulation, 

2.  On  secretion  and  excretion. 

3.  On  absorption. 

The  effect  of  cicclricity  on  the  circulation  is  somewhat  complex.  It 
inchitits  the  effect  on  the  heart  and  on  the  unstripcd  muscular  ftbrcs  oi 
the  arteries,  as  well  as  on  the  central  and  peripheral  nervous  system  in 
general,  since  the  tlow  of  blood  in  the  arteries,  veins,  and  capillaries  U 
influenced  by  the  quality  and  quantity  of  innervation  thai  they  receive. 
We  have  to  speak  merely  of  the  direct  effect  of  electricity  on  the  capil- 
lary circulation.  It  has  been  shown  already  that  elecirijiation  of  the 
cervical  syiripathetic  may  have  the  directly  opposite  effect  of  contracting 
or  dilating  the  vessels  nf  the  retina.  That  the  same  oppo^te  effects 
may  follow  electrisation  of  any  part  or  organ^  depending  on  the  tem- 
perament of  the  ])atient,  the  quality  of  current,  and  the  length  and 
t  rrenglh  of  the  application,  is  also  demonstrable*  One  effect  is  con 
stant  under  all  conditions,  and  that  is,  that  the  circulation  is  modifiei! 
in  one  or  the  otherj  or  in  both  ways.  The  average  ultimate  effect  if 
to  increase  the  ftotv  of  bloody  raise  ihe  ttmperaiure^  and  4'thit  the  reins. 
Dilatation  of  the  veins^  after  prolonged  electrization,  is  a  phenomenon 
that  can  be  demonstrated  with  ease  or  any  part  of  the  body  where  the 
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veins  are  proniineiu.  The  back  of  the  tiantl  is  ihc  best  place  to  study 
this  nhcnoinenont  aod  f^radizaiiftn  illustrates  it  most  distinctly. 

Tins  cnlargeiiit-nt  of  the  veins  is  accoiwpamed  by  a  nstr  in  tempera 
tiirc.  ,mtl  especially  if  the  iimscL's  have  het-n  brovight  into  vigorous 
contraction,  that  is  not  only  indicated  by  tlit?  iherinoiiietor,  but  is  a\t 
prcciatcd  by  the  subject.  Uader  general  faradization  the  hands  and 
fccr  bcconie  waitn^T  during  the  sitting,  and  in jy  remain  warmer  for 
hours.  Central  galvanization,  or  gaWaiiizaiiou  of  the  cervical  sympa- 
thetic, also  w;inn^  the  periphery. 

Om  S^cretkn  and  Excrcfiort,—T\\e  secreting  power  of  the  secreting 
organs  of  the  body  is  very  nwrkedly  iiifluenced  by  electrization.  The 
usuaI  effect  is  to  increase  their  activity  ;  but  when  very  mild  currents 
arc  used,  such  effect  is  not  always  observed,  and  it  is  probable,  from  our 
cvperiiuents,  that  very  strong  currents  may  produce  a  reverse  effect. 

On  the  lachrymal  glands  the  action  of  the  current  is  not  so  easily 
shown,  because  strong  currents  are  not  well  borne  on  the  face  or  head, 
and  the  glands  themselves  are  not  directly  accessible.  It  is  difficult  to 
d<*cide  whether  the  flow  of  tears  that  accompanies  strong  electrization 
of  the  face  is  the  result  of  the  mechanical  irritaiion  or  the  physio- 
logical action  of  the  current  on  the  lachrymal  glands  or  the  tierves  that 
5U|>ply  them. 

The  secretion  fn  mucous  memhranes  is  quickly  increased  by  electriza- 
tioti,  as  can  be  demonstrated  most  easily  on  the  Schneiderian  membrane 
by  means  of  metallic  electrodes  introduced  in  the  nasal  passages 
This  fact  becomes  of  practical  importance  in  the  treatment  of  the  so- 
called  '*dry  catarrh,"  and  also  in  exhausting  diseases,  associated  with 
dryness  of  the  mucous  membranes. 

On  the  salivary  secretion  the  effect  of  the  current  is  very  easy  of  de- 
DBcmstration.  That  application  of  the  current,  both  galvanic  and  faradtc, 
c«a  increase  the  secretion  of  the  salivary  glands^  is  very  easily  demon- 
strated. We  have  shown  this  at  various  times  during  the  past  five  years, 
galvani2ing  or  faradizing  the  tragus  of  the  ear,  with  either  pole,  or  against 
the  niembrana  tym}jani.  This  effect  is  due  to  the  excitation  of  the 
chorda  tyriipani  nerve,  some  of  the  fibres  of  which  go  to  the  submaxillary 
ganglia,  This  increase  of  saliva  is  sometimes  so  great  that,  while  the 
cmrent  is  flowing,  continual  swallowing  is  necessary. 

In  sensitive  persons  the  same  effuct  follows,  by  reflex  action,  electri- 
latton  in  almost  any  part  of  the  neck  or  face.  In  certain  pathological 
cues,  as  Addtson^s  disease,  Dr.  Rockwell  ♦  has  found  the  annoying  diy- 
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ness  of  the  month  ^really  relieved  by  electrtJEation,  and  in  [Mtiiulogtcjit 
cases  of  the  sevcrt  character,  as  in  diabetes,  when  the  salivary  sccre 
tion  tuay  be  ^really  diiiiini&hedf  we  have  found  centiral  galvanuaLioD  la 
increase  the  ^iecreiron  qviLte  rapidly- 

On  the  biiiary  secratim  the  action  of  the  current  is  less  easy  of  mathe- 
matical demonstration.  The  results  of  external  eleclii/ation  in  patho- 
logical case^  seem  to  prove  thai  the  i|uantity  of  the  bile  may  be  increasecL 
Whether  this  increase  is  due  to  the  action  of  the  current  on  the  sub- 
s'jince  of  the  liver,  or  the  nerves  that  su|jt>Iy  it,  we  are  not  able  M 
itate. 

The  secretion  u{ ^asfric Juices  and  of  tile  inUsiinal fluids  is  in  all  proU 
ability  increased  by  external  electrization.  Analogy  would  show  these 
fluids  ought  to  be  secreted  in  greater  abundance  under  the  influence  of 
tlie  current,  and  the  results  of  treatment  in  pathological  ca^^es  give  thia 
probability  something  of  tiie  force  of  certainty.  Api)etiie  is  sharpened, 
digestion  is  quickened,  and  constipation  relieved,  both  by  local  and  by 
general  electrical  treatmetit,  so  rapidly  and  so  decidedly  as  to  make  it 
pretty  evident  that  the  gastiic  and  intestinal  fluids  are  made  lo  secrete 
naore  liberally  by  the  action  of  the  current  on  the  nerves  that  supply 
diese  organs  than  on  the  tissues  of  the  organs  themselves. 

An  excellent  means  of  studying  the  variations  in  the  initrition  is 
found  in  the  elimination  of  the  urine.  This  is  believed  to  be  a  result 
of  oxidation  processes  that  may  take  place  either  in  the  kidneys  or  in 
the  tissues,  or  in  both, 

Legros  and  Onimus  have  studied  (he  efTectb  of  electrization  of  the 
spine  on  the  elimination  of  urine. 

Their  conclusions,  derived  from  more  than  250  analyses,  made  on 
the  urine  uf  rabbits  and  of  themselves,  are  these  : — 

1.  Jnti^rru|jted  currents  diminish  the  quantity  of  luine  and  of  azote. 

2.  Centrifugal  galvanic  currents  increase  the  quantity  of  the  urine 
ii^d  diminish  that  of  the  urea. 

3.  That  continuous  centripetal  currents  increase  the  quantity  of  ureJi 
irithout  increasing  the  quantity  ofurine> 

On  the  urinary  secretion  the  effect  of  electrization  can  be  demon- 
ftrated  in  padiological  cases  without  difficulty.  In  cases  of  diabetci 
insipidus  and  md/ifus^  local  and  general  treainient  may  cause  great  di- 
minution in  the  discharge,  while  in  dropsy  and  in  rheumatism  we  have 
known  tile  kidneys  to  be  stimulated  as  much  as  by  powerful  diuretics> 

On  the  average  man  in  health  there  is  considerable  ditiiculty  iti  esti- 
mating a  moderate  increase  of  the  urinary  secretion  under  electri2£^ 
don,  for  the  sufficiently  apparent  reason  that  the  quantity  of  urine 
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CATC  i  With  SO  many  conditions  of  food,  drink,  and  exercise^  and  sa 
(mh  Unless  ilie  effeci  of  electrization  on  the  kidneys  were  imniediat*; 
and  Jccided,  it  would  be  difficult  to  differentiate  between  its  elTccts 
and  the  ejects  of  the  other  important  and  varyiitg  factors. 

On  the  menstrual  secretion  electricity  acts  with  remarkable  power 
Hoth  currents,  applied  externally  and  internally,  centrally  or  generally, 
in  physiological  as  well  as  pathological  casea^  affect  the  quantity  ol 
menstrual  secretion  rapidly^  and  sometimes  permanently.  The  effects 
ire  sometimes  immediate,  taking  place  during  or  directly  after  tlic 
3jjplicalion,  The  number  of  days  that  the  menses  appear  are  some- 
limes  increased,  and  entire  suppression  is  slowly  or  speedily  cured. 

In  pathological  cases,  where  there  is  an  excess  of  menstrual  flovv^ 
clcceri/.itiQn  corrects  and  diminishes  it.  These  a[>parent  and  interesting 
tffccts  of  electricity  on  the  menstnial  secretion  may  take  place  ihroiEgh 
the  direct  action  of  the  current  on  the  ovaries  and  the  uterus,  or  indi- 
rectly through  the  brain,  sympathetic,  and  spinal  cord,  and  the  nervej 
that  supply  the  pelvic  organs.  They  may  take  place  through  reflex 
action  from  electrization  of  the  feet  or  hands,  or  other  and  distant  parta 
of  the  body.    Franklin  ic  electricity  also  produces  these  effects. 

The  whnle  ^vibject  is  of  immense  practical  importance,  as  wiL  be 
seen  in  ihf  chapter  devoted  to  Diseases  of  Women, 

On  the  lacteal  secretion  electricity,  especially  the  faradic  cuncnt^ 
arts  with  decided  though  varying  power.  It  has  never  been  known  to 
tliminlbh  it,  while  it  sometimes  increases  it^  and  it  Jnay  restore  it  after 
it  has  been  lempyrarily  suppressed.  This  physiological  fact  has  b 
practical  signiticance  that  will  appear  in  the  chapter  devoted  to  Mid- 
wifery. 

Similarly  also  the  secretion  of  the  spermatic  fluid  is  increased  by  gal- 
vanization or  faradization*  A  mathematical  test  of  the  power  of  elec- 
lrij:&tion  to  increase  the  secretion  of  the  testicles  cannot,  for  obvious 
reasons,  be  obtained  ;  but  the  statements  of  individuals  on  whom  the 
cxperiiueut  was  tried  seem  to  establish  this  point.  The  applications  may 
be  made  not  only  through  the  testicles,  but  through  llie  perimcuni  and 
over  the  spine.  The  results  are  not  invariable,  but  are  obtained  in  a 
tufficicnt  number  of  cases  to  make  it  fair  to  regard  such  effect  as  a 
law  of  clcctro-phj'siology. 

The  secretion  of  the  sweat  glands  is  also  incrtJ;cv-  by  powerful 
galvanization  of  the  central  nervous  system^  and  especially  of  the  cervi- 
cal spine  and  sympathetic  In  very  susceptible  patients  either  galvani- 
eation  or  faradii^ation  of  the  head^  nfck,  or  spine,  and  strong  electrization 
of  almost  any  part  of  the  body.  wUl  cause  sensible  perspiration.  We 
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have  seen  intUviduals  whom  a  few  minutes  of  general  faraili^alion  with 
feeblo  currents  brought  out  large  drops  of  sweat  on  the  forehead,  arwt 
made  the  haniis  as  moist  as  though  they  had  been  dipped  in  water. 

On  A h so rfif ion.— Th^  action  of  electricity  on  the  absorbents  i&  best 
studied  in  pathological  cases,  such  as  hypertrophies^  effusions,  and 
morbid  growths. 

In  thickening  of  iho  skin  that  af^pcars  in  some  cutaneous  affections, 
in  corneal  opacities,  in  enlarged  joints,  in  pleuritic  effusions,  in  hydro- 
cele^  in  dropsy  of  various  parts,  in  passive  oedema,  and  in  enlarged 
glandsj  in  tumors  of  nearly  every  variety,  can  be  demonstrated  the  power 
of  eJectricity  to  produce  absorption.  Reasoning  backward  from  patho* 
logy  to  physiology,  we  justly  infer  that  the  same  effect  takes  place,  more 
or  le-^s,  in  all  applications  of  electricity  to  the  body,  but  that  the  degree 
of  it  is  tuociified  by  the  condition  of  the  part  to  which  the  application 
is  made.  The  eftect  on  secretion  is  apparent  ai  once  to  the  eye  or  the 
sensation  ;  the  effect  of  absorption  is  apparent  only  to  the  eye,  and 
then  only  when  there  is  a  visible  excess  of  fluid  or  solid  in  the  part  to 
which  the  application  is  made.  This  part  of  our  subject  will  be  prac- 
tically illustrated  in  vaiious  chapters  both  in  Medical  and  Surgical 
Eleclrrcity. 

Efficti  of  Ekciridiy  produced  by  Refit x  as  well  as  by  Dired  Aeii^. 
— The  reflex  effects  of  electricity  seem  not  to  have  been  fully  recogntsed 
by  electro  therapeutists.  There  is  considerable  difficulty  in  ascertaining 
the  precise  reflex  eflectsj  of  electricity  on  animats.  The  effects  as  they 
ihow  themselves  on  man  are  largely  sensory,  not  motor  ;  the  stimula- 
tion of  the  circulation  of  absorption  and  of  secretion  that  might  and 
probably  does  take  place^  reflexly  as  well  as  directly^  is  too  minute  to 
*>e  readily  observed.  We  are  justified  in  believing  that  electricity  acts 
in  absorption,  secretion,  and  exertion  by  reflex  as  well  as  by  direct  action, 
from  the  fact  that  in  irritable  constitutions  sensory  effects  on  the  sensa- 
tion and  on  circulation,  of  a  marked  character,  are  produced  by  electric 
irritation.  Thus,  for  example,  when  the  hands  or  the  feet  are  traversed 
by  strong  currents,  either  continuously  or  in  sudden  shocks,  pain  or 
disagreeable  sensations  may  be  felt  in  the  hands  and  feet,  of  the  oppo- 
site &ide,  or  in  the  back,  or  stomach,  or  side.  I'hcse  reriejt  effects  are 
not  constant,  and  when  we  look  for  them  we  may  not  find  them.  They 
can  be  best  studied  in  persons  who  are  susceptible  to  electricity,  and 
whose  spinal  cords  are  weak  and  irritable.  In  some  pathological  cases 
also,  such  as  chronic  myehtis  of  the  anterior  column  (anterior  spinal 
»clerosLs)t  the  reflex  action  of  electricity  is  illustrated  with  great  dit 
lincmesa.    L^icalizcd  faradization,  or  galvanization  of  the  lower  limbs 
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niiiy  be  felt  not  only  in  the  part  traversed  by  thr  current,  but  in  th^ 
amis,  in  the  opposite  liinbi  in  the  back,  and  stomach  to  such  a  degrer 
as  to  cause  pain. 

Strong  currents  acting  on  irritable  constitutions  may  sometimes  by 
reflex  action  shtick  the  whole  system,  provided  tlve  application  br 
localised  in  certain  localities.  Thus  in  a  case  of  very  obstinate  cod 
stipation  that  wc  once  treau-d  by  internal  galvanization  of  the  rectum^ 
d.  current  of  not  very  great  strt^ngth,  suddenly  inlLrrupted,  was  disagree- 
aibly  felt  in  lilt;  head,  left  hand,  and  feet.  Very  frequently,  indeed,  in 
experimenting  on  ounjctves  or  other  individual's,  or  on  animals,  and  in 
treating  i«aticnts,  we  have  received  shocks  through  the  hands  or  arms 
that  seemed  to  be  felt  in  all  parts  of  the  body.  In  some  instances  the 
l>atn  and  disagreeal>ie  sensations  thus  caused  by  the  reflex  action  of  the 
current  last  for  several  minutes  or  hours. 

On  the  circulation  the  reflex  effects  of  elccirization  are  demonstrable 
by  delicftte  apparatus  for  testing  tem]icratnre.  It  has  been  shown  by 
experiments  that  electrization  of  one  hand  alfccts  the  circulation  in  thfi 
hand  of  the  other  side,  so  as  to  change  hs  temperature  under  tlie  thermo- 
tflcttric  pile* 

Powerful  electrization  of  feeble  persons  may  cause  a  general  chilli- 
ness of  the  extremities  that  may  last  for  hours.  A  sensation  of  hav- 
ing caught  cold  has  been  known  to  follow  strong  peripheral  faradiza- 
bon. 

Whether  the  action  of  the  current  on  the  retina  and  on  the  auditory 
and  giiMalory  nerve  is  director  reflex  has  been  long  disputed.  Our 
rches  induced  us  to  the  belief  lhat  electricity  acts  on  the  nerves  ol 
cial  sense  both  rcflexly  and  directly.  That  the  gustatory  nerve  can 
be  treated  by  reflejt  action,  we  have  shown  in  a  variety  of  experiments 
urilh  both  currents.  Sensitive  patients  apprecinte  the  sour  or  metalHc 
taAte  when  the  applic^ition  is  made  to  the  lower  part  of  the  spine  or  to 
the  arms.  Similarly,  Hashes  before  the  eyes  maybe  produced  when  the 
electrodes  are  so  placed  that  the  current  cannot  traverse  directly  the 
region  of  thebr.iin  where  the  opiic  nerve  takes  its  origin.  Excitation  of 
the  auditory  nerve  by  reflex  action  is  not  so  easily  demonstrated,  but 
tinnitus  aurium  snnietin)es  follows  electriiiation  of  the  spine  and  neck, 
and  it  is  not  tmfair  to  infer  that  it  is  the  result  of  reflex  excitation. 

In  llius  admitting  the  possibility  of  exciting  the  nerves  of  special 
wnsc,  wc  do  not  desire  to  give  the  itnpression  that  the  ordinary  physio- 
logical excitation  of  these  nerves  under  electricity  h  purely  of  a  reileji 
ch.Aracter  ;  on  the  coulrar>%  we  have  shown  alrej:dy,  in  the  chapter  on 
.Electro-Contluctivity,  that  the  current  penetrates  the  brain  and  goes 
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throvigh  those  parts  where  the  ojnic  nerves  originate,  and  aho  tnusi 
pass  ihroLigh  the  labyrinth  and  act  directly  on  llie  auditory  nerve. 

In  reference  to  the  reflex  effects  of  electricity  these  two  considera- 
riotis  are  of  importance  : — 

I.  The  galvanic  currents  operate  much  more  powerftiUy  by  reflex 
action  tlian  the  faradic.  The  partial  explanation  of  tUh  fact  which  we 
offer  is  that  the  greater  chemical  power  of  the  galvanic  current,  due  to 
its  acting  always  in  one  direction,  causes  it  to  operate  more  distinctly 
on  the  nerves  than  the  faradic  current.  This  fact  of  the  superior  reflex 
capacity  of  the  galvanic  current  is  one  of  high  practical  import  in  the 
treatment  of  disease,  and  explains  in  part,  if  not  entirely,  the  dangerous, 
Qr  at  least  unpleasant,  effects  that  sometimes  follow  careless  or  ignorant 
galvanixaiion  in  cerebral  hemorrhages  and  other  irritable  conditions  ol 
the  central  nervous  system. 

Althaus  has  recorded  a  case  of  ana:sthesia  of  the  fifth  pair  of  cerebral 
nerves  of  a  most  profound  character,  in  which  there  was  a  complete 
absence  of  cerebral  symi>tf>ms — (5izKinesSj  flashes  of  light,  and  galvanic 
tastC'— whenever  a  galvanic  current  of  twenty  cells  was  applied  to  the 
face.  A  current  from  lliirty  cells,  which  on  a  [lerson  in  health  would 
cause  powerful  flashes^  a  hissing  sound  in  the  ears,  feeling  of  heat,  and 
perhaps  perspiration »  caused  in  this  patient  only  a  slight  sensation  of 
^riddiness  and  nieiallic  taste  and  phosphoric  odor. 

This  remarkable  case  is  a  strong  argument  in  favor  of  the  opinion 
that  the  results  of  electrization  of  the  head  and  the  results  of  experi- 
ments like  those  of  Krb  are  dne  in  part,  if  not  entirely,  to  reflex  action. 

It  is  possible  that  in  the  above  case  the  portion  of  the  brain  where 
the  optic  nerve  originates  was  also  diseased  so  as  to  render  it  insensible 
to  electric  excitation. 

3,  These  reflex  effects  occur  in  all  the  applications  of  electricity  of 
either  form,  and  complicate  the  direct  effects.  The  physiological  and 
therapeutical  effects  of  electrization  of  the  brain,  the  eye,  the  ear,  the 
cervical  sympathetic,  tlie  spine^  the  tnmk,  and  the  penpheryT  every- 
where are  a  complex  resultant  of  both  direct  and  reflex  electrical  ac- 
tion. Localized  electrisation,  strictly  speaking,  is  an  impossibility,  how- 
ever closely  together  the  electrodes  may  be  placed,  and  however  dis- 
tant from  the  great  nerve  tracts  and  nerve  centres  the  spinal  cord  must 
take  cognizance  of  the  impression  made  by  the  current  on  the  sensory 
nerves,  and  other  parts  and  organs  must  share  in  the  effects,  for  bet- 
ter or  for  worse.  It  is  for  this  reason  that  caution  is  requisite  even  in 
faradizing  the  paralyzed  muscles  in  recent  hemiplegias  and  in  acdve  xuy- 
clitiF. 
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The  very  rctiwk^lile  results  that  follow  general  faradization — a 
mctliod  to  be  subsetjucnlly  described — are  to  be  accounted  fcr  in  pari 
by  rcHcx  action^  which  are  continually  taking  ilacc  during  all  stages  of 
the  ajiplication. 

Pr^icdcai  Application  these  Physiolffgicai  Principles  to  Electro-' 
T'J^erapftjfics.-^W'ith  the  above  facts  and  reasonings  before  u&  we  are 
prepared  to  intelljgtntly  appreciate  the  effect  of  ehcirtciiy  on  nuirition. 
We  i\o  not  profess  to  have  exhausted  the  rationale  of  tlie  Cfimplex  action 
of  electricity  on  ihe  tissues,  but  to  have  indicated  the  leading  principles 
by  virlvie  of  which  it  afiects  the  nutrition  of  the  animal  body.  Many  dis* 
covcries  may  yet  be  in  store  for  us  m  this  department ;  it  may  e  shown 
that  ojrone  is  j^eneratetl  in  the  tissues  with  every  passage  of  the  current, 
and  ihat  this  Ojcone  is  taken  into  the  circulation;  the  subtle  and  intri- 
cate cliemifitry  of  electrolysis  of  living  tissues  in  their  secondary  and 
tertiary^  as  well  as  their  primary  changes,  may  be  unfolded  to  the  vision 
of  the  future,  and  whnt  we  now  see  in  a  glass  darkly  posterity  may 
behold  face  to  face;  but  sufficient  is  known  to  explain  in  a  most  in- 
teresting way  (he  unrivalled  effect  of  electricity  on  the  nutrition. 

An  objection  sometimes  brought  against  electricity  is  that  we  do  not 
understand  its  action  ;  and  yet  in  the  whole  round  of  stimulating  tonics 
there  are  but  fcvv  whose  action  can  be  so  well  explained  as  that 
of  electricity.  Who  knows  how  arsenic  feeds  the  nervous  system  or 
how  quinine  breaks  an  attack  of  chills  and  fever?  Why  does  oxide  of 
zinc  act  with  magic  force  in  chronic  alcoholism  ?  How  does  opium 
produce  sleep  and  relieve  pain  ;  and  who  has  entered  into  die  myste- 
ries of  anresthesia  ? 

Animal  nutriiion  is  a  process  of  enormous  complications.  There  is 
fio  single  chcnijcal  change  at  which  one  can  point  and  declare  that 
this  explains  the  j^rowth  and  sustenance  of  the  body  ;  but  there  are 
nameless  ant!  nuniberlcss  phenomena  every  moment  going  on  in  the 
living  lissucsr  and  as  a  result  of  all  these,  in  their  infinite  play  and  cora- 
bmacion^  die  body  lives,  moves,  and  has  its  being.  Electricity  in  pass- 
ing through  the  body  modifies  many  or  all  of  these  processes^  and  thus 
modifies  nutrition.  As  a  resultant  of  the  conjplex  physical,  chemical, 
and  physiological  action  of  electricity  on  the  tissues,  there  is  increased 
development  and  growth. 

Expet  mentiti  attd  CliMicai  Proofs  of  the  Effect  &f  Ehetricity  fin  Nuiri- 
thrt.^Ws  have  studied  the  effect  of  electricity  in  great  detail  on  animals 
aod  on  man.  On  animals  our  experiments  have  been  confined  to  the 
effects  of  general  faradization ;  on  nian  we  have  studied  the  effects  of 
both  locib^cd  and  general  treatment. 
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Of  a  Utter  or  four  puppies,  Dr.  Beard  subimtted  iwo  to  general  faia 
fixation  every  other  day,  for  eight  minutes  each,  and  two  were  not  sc 
treated,  all  having  an  e.^ual  chance  at  (hrir  mother's  breast  and  notliing 
besides.  All  the  ]>uppies  were  carefully  weighed  at  the  begirvning  and 
at  the  end  of  the  treatment,  which  lasted  for  four  weeks.  It  was  found 
that  both  of  the  pups  that  had  been  electrized  weighed  more  than  the 
puppies  that  had  not  been  electrified  ;  all  had,  of  course,  increased  in 
weight,  but  of  those  electrized  one  had  increased  four  oiinces  and  tlie 
other  /ffl  ounces  more  than  bis  fellows  that  had  not  been  clectrijficd. 
The  difference  of  si^e  in  favor  of  the  piii>pies  that  were  electrized  was 
so  marked  and  so  easy  to  see,  that  without  great  difficulty  one  who  had 
never  fieen  them  succeeded  in  picking  out,  from  ocular  inspectton^ 
those  that  had  been  treated,  and  that  too  in  the  evenings  and  in  a  bad 
gas-light.  It  was  observed  dLiring  the  treatment  that  the  puppies  which 
were  electrized  became  ravenous,  and  sucked  with  greater  energy  than 
their  less-favored  companions. 

The  method  of  treating  the  pups,  we  may  remark,  was  to  put  them 
on  a  sheet  of  copper,  while  the  hand  of  the  operator  or  a  sponge- 
electrode  was  rubbed  all  over  the  surface  of  the  body,  previously  inoisi- 
ened 

The  details  of  the  experiments,  prepared  by  our  assistant,  Dr.  J.  W» 
Sterling,  who  made  the  applications,  are  as  follows* 

July  It  1871. — Weight  of  4  pups,  10  d^y?  old ; 

a  black  pup&  (^vtigbt  each), ,   I  lb,  6  cw, 

a  yellow  pups,  weight  of  one. . . ,   1  lb.      oi. ;  other,  i  lb.  %\  qe. 

fuly,  t,  1S71. — Cpmmenccd  i^cneraJ  farndi^tlun,  ^c\\.  applicatton  about  3  minatet. 
AppUe<l  U  to  one  of  the  black  ptips^  weight  i  lb.  6  oz.,  and  the  lightest  of  the  yel' 
low  pups  weight  1  lb,  2I  oi. 

Continue^l  the  appUcdtions  four  weeks,  making;  three  each  week, 
July  zS,  iSji. — ^Wci^flicd  the  pups  after  twelve  Ai^plications. 


\  black  pup  (general  farad i^at in ri)   j  Iba,  7  ojl 

I  bl  ack  pap  (no  rj\radijutidn).    a   *  *  i  j  •* 

I  ydlow  pup  (general  raratlizationi).  3   ■*  o  *' 

I  yellow  pop  (no  farfltllzation).- ,   a   '*  12  *' 


Making  a  deai-  i^juu  for  the  i!e£iriud  pap  (block)  or  10  oe.,  for  the  jhtUow  clectrued 

This  we  believe,  was  the  first  comparative  experiment  of  this  kind 
made  with  the  faradic  current.  Subsequently,  Dr.  Beard  re|)eaied  the 
experiment  on  a  litter  of  three  rabbits.  Two  were  faradbed  every  other 
day  ;  to  the  other  no  treatment  was  given.    At  the  end  of  six  weeks  the 
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one  not  !rcaU'J  was  visibly  larger  ihan  cither  of  ihuse  diat  were  tfcated. 
\\*e  trx|>UmcJ  ihis  utiexpcctetl  rtsult  by  the  theory  Ihat  the  cunent  had 
Occri  used  too  strong  and  too  long  for  the  young  and  delicate  animals. 
Tbc  cxi>criniciit  was  carried  on  while  we  were  in  the  country,  and  the 
details  were  intrusted  io  those  who  were  utterly  incompetent  for  theu 
duties.  The  directions  given  were  to  put  the  feet  of  the  rabbits  in  a 
basin  of  tepid  water,  and  after  well  moistening  the  back  of  the  neck  to 
pass  the  current  through  for  ten  minutes;  on  account  of  the  non  con- 
ductivity of  the  dry  tuir  of  liie  rabbit,  general  faradization  was  idmost 
iiuposbible, 

l-cgros  and  Oninius  electrized  with  the  galvanic  current  some  pup- 
pics  for  a  quarter  of  an  hour  every  day,  by  placing  one  of  the  fore-paws 
mxA:  OW.  of  the  hinder  paws  iu  tepid  water  connected  with  the  elec- 
trodes. At  the  end  of  st  <  weeks  UiosethaC  had  been  elecEriJsed  weighed 
more  than  the  same  lot  that  had  not  been  electrified ;  and  (his  ditfer- 
eucc  was  perceptible  to  simple  insiiection  ;  one  was  galvanized  with  the 
aticcnding,  and  the  other  wiih  the  descending  current. 

The  etfect  of  faradisation  on  nutrition  h  powerfully  illustrated  b) 
the  experience  of  those  who  habitually  or  frequently  apply  general  fara 
diz&tion  through  tlieir  own  persons,  taking  an  electrode  in  one  hand, 
and  applying  the  other  to  the  body  of  the  patient.  In  this  method  die 
current  passes  through  both  amis  and  vigorously  contracts  the  muscles. 

The  prrmannti  effects  of  the  current  on  the  person  of  the  operator 
arc : 

1.  TV  €aus€  very  murked  and  s&mttimes  rapid  growth  of  ike  musetts 
9/  ih£  armj. 

The  explanation  of  this  phenomenon  is  sufficiently  easy.  The  mus- 
cular contractions  lliat  are  produced  by  the  current  in  its  passage 
through  die  arms  cau^  increase  of  the  local  processes  of  waste  and 
repair,  and  accordingly  the  muscles  increase  in  si^e,  just  as  they  natu- 
rally do  ui»der  the  iniluence  of  any  other  form  of  active  or  passive  excT' 
cise.  This  mechanical  explanation  would  be  of  itself  sufficient,  but,  in 
addition,  it  is  entirely  probable  that  the  electric  current  eiercises  a 
direct  and  specific  iniluence  on  the  nerve-branches,  which  effect  is  ex 
pressed  by  the  increased  siie  and  vigtir  of  the  muscles  throuyh  which 
the  nerves  ramify. 

Dr.  Rockwell,  during  his  first  experimental  aitcmpts  in  the  treatment 
of  disease  by  general  electri/ation^  observed  a  decided  increase  in  the 
development  of  the  muscles  of  ihe  arm.  It  began  to  force  ttscif  on  hif 
attention  a  few  weeks  after  he  commenced  to  give  special  attention  to 
general  electrization,  and  at  the  present  time  It  is  fully  as  marked  as 
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ever.    Both  arms  of  each  one  of  us  have  not  only  increased  much  ir. 

size  by  actual  measurement,  but  also  correspondingly  in  strength  and 
hardness.  This  effect  is  observed  in  the  arm  and  forearm,  but  mosi 
decidedly  in  the  muscles  which,  from  their  position  or  nerve  supply, 
contract  most  readily  and  vigorously  when  die  current  passes  from 
hand  to  hand,  such  as  the  deltoid,  brachialis  anticus,  biceps,  and  the 
flexors  and  extensors  of  the  forearm.  This  same  effect  has  been  noticed, 
to  a  greater  or  less  degree,  by  our  students,  and,  so  far  as  we  have 
been  able  to  ascertain,  by  others,  who  have  employed  electricity  through 
their  own  persons  for  any  considerable  period.  This  development  of  the 
arms  seems  to  progress  up  to  a  certain  limit,  at  which  it  remains. 
2,  A  very  gradual  hut  decided  ionic  influence  on  the  system. 
This  effect  is  so  exceedingly  slight,  that  in  a  very  hardy  and  vigorous 
person  it  would  not  be  recognized.  That  the  current,  in  passing  from 
hand  to  hand,  so  frequently  and  so  long,  should,  in  the  course  of  time, 
mildly  affect  the  genera)  system,  is  entirely  probable.  Like  any  other 
muscular  exercise  of  the  arms — gymnastics  and  the  use  of  the  clubs — 
its  influence,  so  far  as  it  goes,  must  be  positively  toning  and  beneficial 
to  the  constitution. 

Effects  of  Electricity  on  Bacteria. —  Cohn  has  experimerted  with 
electricity  on  bacteria.*  Currents  irom  two  powerful  elemonls,  steril- 
ized the  nutritive  solution  completely  at  ihe  positive  pole  in  twelve  to 
twenty-four  hours,  so  lhat  afterward  the  bacteria  proOuccd  did  iM)t  in- 
crease. At  the  negative  pole  the  action  was  weaker,  the  liquid  not 
being  completely  sterilized.  At  neither  of  the  poles  were  the  Uicieria 
killed,  and  when  brought  into  another  nutritive  fluid  they  developed 
normally. 

Yeast-cells,  on  the  other  hand,  and  mycelium  fungus,  brought  into 
the  liquid  that  was  sterile  for  bacteria,  increased  plentifully  at  the  posi- 
tive pule.  A  battery  of  five  strong  elements  killed  the  bacteria  dis- 
tributed in  the  li^iuid  within  twenty-four  hours  and  sterilizc<l  the  licpiid 
at  both  poles. 

Effect  of  Eicctricity  on  the  Growth  of  Plants. — The  influence  of 
electricity  on  the  growth  of  plants  has  recently  been  studied  by  Mr.  \\. 
H,  Bridgenun,  of  iVorwich,  Kugland.  On  a  i)late  of  gU<s  three  inches 
square,  two  strips  of  sheet  tin  are  laid,  so  as  to  almost  touch  in  the 
centre.  On  this  glass,  and  over  the  tin  strips,  is  spread  a  piece  ot  t'elt 
moistened  with  rain  water.  On  its  <lan)pened  surface  cress-seetls  are 
tfaickljr  strewed.  The  tin  plates  are  connected  with  the  poles  of  a  weak 
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galvanic  battery ;  the  result  is  that  one-half  of  the  felt  is  diarged  with 
positive  and  the  other  half  with  negative  electricity.  At  the  side  of  this 
plate  is  a  second  plate,  which  has  connection  with  the  battery,  and 
upon  which  the  seeds  grow,  subjected  to  no  artificial  conditions.  After 
lour  days  the  seeds  on  the  o[>posite  side  of  the  lirst  piece  of  felting  gave 
signs  of  germination,  and  the  hulls  were  shrivelling  up  and  becoming 
black.  On  the  negative  side  of  the  felting  the  seeds  were  swollen,  and 
their  hulls,  which  retained  their  natural  color,  were  beginning  to  burst. 
At  the  end  of  six  days  the  first  shoots  made  their  appearance.  Several 
days  later  the  first  shoots  appeared  upon  the  second  plate.  A  strange 
result  of  this  trial  was,  that  while  on  the  negative  pole,  where  there  was 
every  sign  of  stronger  development,  the  root-sprout  sank  downwaid 
into  the  moist  felting,  the  roots  from  the  positive  side  rose  upward  from 
the  blackened  and  dried-up  seeds. 
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HISTORY  OF  ELECTRO-THERAPEUTICS. 

Electro-Therapeutics  is  the  science  that  treats  of  the  study  of  eledrh 
city  in  its  relation  to  disease* 

It  includes  both  Electro-Medicine  and  Electro-Surgery^  or  as  thc) 
are  more  commonly  termed,  Medical  and  Surgical  Electricity.  Undei 
Medical  Electricity  are  included  Electro-Diagnosis,  or  Electro-Pathology^ 
as  it  is  sometimes  termed,  and  Electro- Therapeutical  Anatomy, 

The  earliest  history  of  electro-therapeutics,  as  of  many  other  depart . 
ments  of  medicine,  is  shrouded  in  obscurity.  It  dates  back  to  a  niytbi- 
cal  and  legendary  age,  before  mankind  had  been  trained  to  habits  of 
scientific  criticism,  while  yet  history  was  a  mass  of  traditions,  and  rumoi 
was  a  substitute  for  truth. 

It  is  said  that  centuries  ago  the  negresses  of  West  Africa  were  accus- 
tomed to  dip  their  sick  children  in  water  where  lay  the  electric  fish  called 
the  torpedo.  The  remedial  powers  of  electricity  were  also  referred  to  by 
Pliny  and  Dioscoridcs.  Scribonius  Largus,  a  physician  of  the  time  of 
Tiberius,  was  accustomed  to  prescribe  the  same  remedy  in  the  treat- 
ment of  gout.  As  long  ago  as  the  days  of  Pliny,  necklaces  of  amber 
were  worn  by  wonien  and  children  for  the  sake  of  their  supposed  reme- 
dial powers. 

The  mysterious  power  of  the  magnet  was  known  to  the  ancient  world, 
out  we  have  no  reason  to  believe  that  it  was  ever  extensively  resorted 
to  by  them  for  the  cure  of  disease.    In  Europe,  during  the  middle  ages, 

the  loadstone  was  used  in  the  treatment  of  disease,  and  although  its 
successes  were  trilling  it  aroused  the  professional  attention  and  received 
extravagant  praise  from  the  distinguished  Paracelsus.  About  the  mid- 
dle of  the  eighteenth  century.  Maximilian  Hehl,  of  Vienna,  and  others, 
excited  a  new  and  more  successful  interest  in  the  use  of  magnetism  in 
disease  by  thc  manufacture  and  employment  of  artificial  magnets- 

The  real  history  of  electro  thcraiieiitics  may  be  divided  into  three 
eras  :  the  Era  of  FranUlnic  Elcclriciiy,  including  the  early  and  crude 
experiments  with  the  frictional  machines  and  thc  Leyden  jar  ;  the  Era 
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G^Ivanttaliofiy  beginning  with  the  publica.tion  of  the  discovery  oJ 
Calvani,  in  1791,  and  including  the  invention  and  medical  employment 
of  the  voltaic  pile  ;  the  Era  of  Faradizafwn^  beginning  with  the  discov- 
ery- of  induction,  in  1831-37,  and  including  all  that  has  since  been  ac- 
cotnpltshcd  in  the  department  of  localized  and  general  electrii^ation. 

In  the  first  era  only  Jranklink  electricity  was  used,  becanse  it  was 
the  only  form  that  was  known ;  in  the  second  era,  both  franklmk 
electricity  and  galvanism  were  used,  since  the  latter  st^ppleniented,  but 
not  entirely  supplanted,  the  former  ;  in  the  third  era,  all  three  forms  of 
electricity — franklinic,  galvanic,  and  faradic— were  brought  into  requisi 
cion,  though  the  use  of  franklinic  is  con&ned  to  a  few,  and  will  proba- 
bly soon  become  historic. 

The  Era  cj  Franklmk  Ehctrkify. — The  records  of  this  era,  though 
not  extensive,  are  yet  both  interesting  and  suggestive.  It  is  probable 
that  in  thisj  as  In  the  second  era,  very  much  was  attempted  and  even 
aiccompllshed  in  this  department  that  has  never  been  recorded  in  per- 
nj&nent  medical  literature,  and  therefore  could  never  become  of  value 
to  science. 

In  1730  Etienne  Grey  fi^^t  observed  divergence  of  the  hairs  in  an 
isolated  subject  put  in  comnninication  with  static  electricity. 

The  saaic  experiment  was  repealed  by  Abb4  Nollet  and  Du  Fay- 
Ihi  Fay  observed  the  electric  sparks  drawn  from  the  isolated  subject 

Nollet  says,  *'  I  shall  never  forget  the  surprise  which  the  first  electric 
spark  ever  tlrawn  from  the  human  body,  excited  both  in  M,  Du  Fay 
and  myself." 

Sparks  were  then  drawn  from  the  body  in  various  shapes — one  of 
which  was  called  the  electrical  kiss  ;  other  forms  were  known  as  the 
'*  electrical  star/"  "clecirical  rain,"  and  so  forth.  The  drawing  of  the 
sparks  constituted  a  great  source  of  amusement  in  the  society  of  the 
period. 

In  1743  Kruger  d'Helmstadt  suggested  that  these  electric  sparkf 
might  be  niu.de  of  service  in  therapeutics. 

In  1744  Kratzenslcin,  a  German  physician,  recorded  a  case  of 
cure  of  paralysis  of  the  fingers  by  sparks  drawn  from  a  frictiona!  ap- 
()<ara(us. 

In  1746  the  discovery  of  the  properties  of  the  Leyden  jar  by  Mus- 
chenbroek  gave  physicians  a  new  me^ins  of  using  electricity  tn  the 
treatment  of  disease. 

Jn  1749  Jallabcrt,*  uf  Geneva,  published  a  treatise  on  the  medical 
Uir  of  electricity,  in  which  he  reported  a  cure  of  long-standing  paralysii 

•  E^xptritnces  lur  Elettrieiti^  Paris,  1747 
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of  the  Hghl  arm,  resulting  from  injury,  by  electric  sparks.  Tlie  citi€ 
was  l)rouglit  about  in  two  or  three  months,  and  may  perhaps  be  re- 
gardctl  the  first  decided  and  unquestioned  result  of  the  kind  diatwai 
obtained  in  the  early  days  of  electro-therapeutics. 

1750  Nebel  showed  thai  contraction  of  the  muscular  tissue  was  pro- 
duced by  electrization.  , 

Bohadtch,  of  Bohemia^  also  recommended  electricity^  especially  for 
the  treatment  of  hemiplegia. 

In  1753  LindhuU,  a  Swedish  phj'sician,  reported  a  cure  of  epilepsy 
by  electricity. 

In  1754  Snher  made  his  famous  experimer.t  on  the  tongue  with  zinc 
and  copper  ]3!ates.  (See  Electro-Physiologj'),  He  did  not,  however, 
pursue  his  experinieius,  and  it  was  reserved  for  Galvani  and  Volta  to 
discover  galvanism. 

In  1755  De  Haen  reported  a  large  number  of  electrical  cttres  of 
paralysis,  spasmodic  atid  other  nervous  affcclions»  and  also  of  sup[ires 
sioo  of  the  menses,  and  St,  Guy's  dance.  About  this  time,  also, 
Schaeffer  and  Nebel  published  cures  of  rheumatism,  toothache,  hypo- 
chondria, paralysis  of  the  o])tic  nerve,  and  of  inteniiitient  fever  and 
neuralgic  pains.  Between  1750  and  1757,  cures  of  paralysis  were  re- 
ported by  iirydone,  Bertholojif  Sauvages  of  Montpelier,  and  Spry^  the 
latter  of  whom  cured  a  case  of  lockjaw  and  paralysis. 

The  position  that  electro-therapeutics  held  at  that  time,  and  the 
hopes  that  were  entertained  ofiti  is  very  well  represented  in  a  little 
treatise  by  the  eminent  divincj  Rev.  John  WesJey,  entitled,  T/ie  Dtsid- 
traium  ;  or^  Elfctrklty  Made  Phxin  and  Useftti^  hy  n  Lender  of  Mankind 
and  of  Comman  Scme^  1759-* 

In  this  treatise  the  author  anticipates,  in  a  sort  of  theoretical  waj^ 
ver)  much  thai  has  since  been  demonstrated,  both  in  elcctro^physics  and 
electro  therapeutics,  and  with  Siurpnsing  accuracy.  In  the  preface  he 
acknowledges  his  indebtedness  *'to  Mr*  hVanklin  for  the  speculative 
part,  and  to  Mr.  Lovelt  for  the  practical,"  He  also  mentions  as  audiori- 
ties,  Dr.  Haadley,  Mr,  Wilson,  Watson,  l-Veke,  Martin,  Watkins,  and 
the  Mmih/y  Afas^a^inCf  whence  we  may  conclude  that  even  at  that 
early  ilay  the  siibjeci  was  estciring  much  interest,  but  more  among  the 
laity  than  in  the  profession. 

Frorii  the  lonc  of  the  book  it  is  clear  that  the  I'aculty,  as  Wesley 
calU  ihe  profession,  were  dis|)03ed  to  despise   electro  therapeuiica 

*  This  troatise  has  l»em  reccnlly  republished bjr  Bidlli^re,  TindaU  &  Cpjl  Ij^ndooip 
1 87 1. 


HISTORY  OF  ELECTRU-THERAPEUTICS.  20t 


and  ro  reject  its  claims,  as  ihey  have  been  ever  since,  until  within  a  few 
years,  and  conseqtietitly  they  suffered  what  was  really  valuable  in  incdi' 
dnc  to  be  monopolized  by  the  laity. 

The  raind  of  Mr.  Wesley,  as  the  world  knows,  was  of  the  practical 
sort,  &nd  in  this  treatise  he  does  not  suffer  himself  to  be  carried  away 
into  gross  hyperbole  or  serious  untruth-  He*  expressly  disclaims  any 
idea  of  regarding  electricity  as  a  ]sanaceaf  but  says  what  we  now  know 
to  be  true^  that  it  is  indicated  in  a  wide  range  of  disorders ;  but  that  if 
any  one  agent  should  ever  become  a  panacea,  electricity  stood  the  btst 
chance  of  being  that  agent* 

Evidently  ignorant  of  Franklin's  invention  of  lightning-rods,  in  1775, 
he  suggests  that  buildings  and  ship?  might  be  saved  from  the  effects  of 
lightning,  by  "  upright  rods  of  iron,  made  sharp  as  needles  and  gilded  to 
|»revent  rusting,"  and  connected  with  the  earlh.  He  further  suggests, 
that  the  northern  lights  are  of  electrical  origin. 

He  gives  the  following  list  of  diseases  in  which  electricity  is  of  service, 
with  a  number  of  illustrative  cases,  most  of  which  are  very  imperfectly 
detailed.  It  will  be  observed  that  most  of  these  diseases  are  still  treat- 
ed clcclrically,  and  with  greater  or  less  success.  It  seems  from  the  list 
that  the  treatment  of  diseases  of  the  skin  by  electricity  is  simply 
another  attempt  to  effect  what  was  accomplished  with  success  more 
tJian  a  century  ago. 

All  these  conclusions  of  Wesley  and  his  contemporaries  were,  how- 
ever, based  on  exf^eriments  made  with  franklinic  electricity.  Tlie 
world  was  to  wail  forty-one  years  for  the  Voltaic  pile,  and  seventy-iwo 
yeajs  for  Faraday  to  discover  induction. 

**  Agnes  St.  Anthony's  Fire  ;  BluiclTiess  even  from  a  Gtitta  Serena  ;  Blo&d  Eitra. 
vaasted  ;  BronLliocclc ;  CMorosis;  Col^liiess  in  the  Feel  j  Consumption  ;  Contraction 
of  ihc  Ljmljs  ;  Cramps;  Deafness  j  Dropsy;  Epilepsy;  F'ect  viotcnlly  disordered  ; 
Fchms;;  Ki-iliiia  LacryTnali's ;  Gout  j  Gravel;  Head-adie;  Hy^ileric?;;  Iiiflammn- 
tkitu;  Kiiii;'s  Evil ;  Knot%  In  the  Flesh;  Lameness;  Lcproty;  Mortification;  Paia 
in  Che  Bm:k,  in  the  Stomnch  ;  PalpiUtions  of  the  Heart;  PaUy;  Pleurisy;  Rheu- 
nulism;  Rtti^^rorms ;  Sciatica;  Shingtcii  Sprain ;  Sore  Feet;  Swellings  tif  mil 
ktiuls;  Tliroatsore;  Toe  hurt ;  Tootli-achc ;  Wen," 

In  1763  Watson  cured  a  case  of  general  tetanus  in  a  young  girl  of 
vcn  years.    Although  the  fame  of  the  cures  wrought  by  electricity 
ttracted  crowds  of  invalids^  yet  by  the  ignorant  and  superstitious  it 
was  confounded  with  witchcraft,  and  the  aid  of  the  priest  was  invoked 
to  save  them  from  its  baneful  influence.* 

•  A  Trexiiist  im  ^f^dk^t^  Eleetrtcity^  Theoretical  and  Praciifot  By  J»  A]thtn% 
M.D     i«70t  p.  184. 
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CRUDENESS  OF  THE  EARLY  EXPERIMENTS. 


Abbe  Sans  published  a  work  an  the  medical  use  of  eleclricily.  and 
recordtid  imporUint  cures.  According  to  this  authority,  there  were 
seven  different  methods  of  emplo}ing  static  electricity — "an  electric 
bath,  drawing  sparks,  by  Lrrorationf  friction,  insufflation,  exhaustion,  and 
comniouonJ'  Injurious  ai^d  negative  as  well  as  favomble  resuks  were 
sonietitaes  reported.  Thus  Dr.  Hart  brought  on  paralysis  in  a  girl, 
and  Abb^  Mazras  excited  epilepsy  in  one  of  his  patients,  Benjamin 
Frankliii  failed  to  cure  the  invalids  that  flocktid  T©  him  after  bis  great 
discovery,  and  Abbe  Nollet,  after  many  years'  experience,  was  com- 
pelled to  adaiit  that  he  had  seen  but  little  permanent  benefit  from 
electricity. 

Syfitpf&'fis  only  treated  in  these  early  Experiments, — In  these  early 
and  many  of  the  later  experiments,  not  disease,  but  the  results  of 
disease,  were  both  studied  and  treated.  When  electricity  was  applied^  it 
was  to  the-  symptoms  .md  not  to  the  pathological  condition  ;  hence  the 
enormous  blunders  and  frequent  failures  of  the  early  electro-therapeu- 
tists.  The  sympton^fi  most  treated^  and  in  the  treatment  of  which  the 
greatest  hopes  were  entcrtainedj  were  blindness,  deafness^  paralysis  of 
motion,  symptoms  rthich  are  now  known  to  depend,  in  very  many  in- 
stances, on  pathological  states,  which  are  in  their  very  nature  as  incurable 
as  death  itself.  Still  further^  the  apjHications  were  made  to  the  seat  of 
the  symptoms  exclusively,  instead  of  to  the  seat  of  the  disease,  and  llm 
mistake  helped  lo  swell  the  number  of  the  failures. 

Physiology  and  [Jathology  had  not  yet  reached  that  degree  of  strength 
and  breadth  of  sureness  to  furnish  good  fotindalion  on  which  to  erect 
the  science  of  electro  therapeutics^  and  withal  tlie  appliances  for  gene- 
rating electricity  were  bulky  and  untrustworthy. 

Electro-thera^jeutics  was  therefore  bafHed  in  its  first  attempts  at 
growrh,  throngh  lack  of  needful  support  from  allied  and  fundamental 
sciences  ;  it  must  wait  for  physics,  for  physiology,  for  pathology  to  co)»e 
to  its  rescue,  which  in  due  time  they  have  done  and  arc  now  doing. 

In  1773  and  177S  Maduyt  presented  memoirs  *  f  subject, 
in  which  he  affirmed  in  his  report  that  electricity  was  a  remedy  of  vast 
and  varied  powers ;  that  it  had  a  positive  and  very  beneficial  inAuence 
over  nutrititm  ;  and  that  it  equalized  the  circulation,  materially  affected 
the  pulse,  the  perspiration,  and  the  secretions  :  and  was  suqirisingly 

*  Meto.  SOT  les  effets  g^n^rau^t,  la  nature  rt  I'luaee  du  fluide  ^lectriqoe  condd^rd 

comme  miiUcamcni.    Lii  en  tl^^ccmbfe,  i^/Sf  k  la  Soci^lc  ruyale  de  m^deciiJC, 

+  Mem.  sur  les  differeutea  mimi^re^  d*adminUtrcr  Peiectrkiio,  et  oljscrvaiiaus  sut 
l(«  effet?  qiiece%  Jivera  moyens  om  produiis.  Lu  en  deccmlirc,  17S3,  4  U  SuL-let^ 
vr.yolf  rte  fn-'decinc. 


tffBcacious  in  the  treatment  not  only  of  paralysis,  but  also  oi  other  con 
iiiti  ms,  such  as  constipauon  and  cedema.     This  report  arc^uscd  con- 

i  rahle  inicrcst  in  eleciro  iherapeutics  on  :he  part  of  the  i^rofessiou. 
aiKl  for  a  season  the  appUcaiion  of  frankltnic  elecrricity  became  exten- 
sively popular.  In  i777i  Cavallo  jniblished  a  tvork  *  which  excited  con- 
siderable attcniion.  He  reported  cures  of  epilepsy^  paralysis,  tiarea, 
deafness^  blindncssj  rheumatism,  glandul.ir  enlargements,  and  reoom- 
toeudcd  electricity  as  a  menus  of  artificial  respiration. 

On  the  theory  that  medical  substances  might  be  combined  with 
flcctricity,  Pivali,  of  Venice,  placed  in  his  elecLric  machine  a  glass 
cylinder,  tilled  w\ih  Peruvian  balsam,  and  Giuseppe  Brum  affirmed  that, 
b>'  the  saiiie  arrangement,  filled  with  purgatives,  he  had  produced  the 
saaie  effect  on  an  electrified  patient  as  though  the  remedy  had  been  ad- 
niini&tered  internally,  f 

In  1783  Willcinson  presented  the  results  of  some  experiments  with 
electricity  in  EngUnd.  Althoutfh  the  fame  of  the  cures  wrought  by  the 
nevf  remedy  attracted  thousands  of  the  people^  yet  by  the  ignorant  and 
superstitious  electricity  was  confounded  with  the  spirit  of  evil.J 

Of  the  seven  methods  of  employing  statical  electricity  recommended 
by  these  early  experimenters  but  three  were  in  common  use.  These 
were,  tlie  eUctric  baik^  ehftrization  by  s^arks^  and  sk&cks  frmn  the  Ley- 

llhe  Era  &f  Gulvanhatim. — Animal  electricity  was  discovered  by 
Galvani  in  1786,  and  made  pnblic  in  i7gi.  It  was  by  the  experiments 
of  Oalvsni  that  Votfa  was  stimulated  to  investigate  the  s;:bjcci  ol 
electricity.  He  denied  the  existence  of  animal  electricity  which  Gal 
vani  had  discovered.  One  of  the  most  important  fruits  of  the  discusr 
sion  that  aro&e  between  theui  and  their  respective  followers  was  the 
constniction  of  the  voltaic  pile,  which  for  many  years  physician? 
employed,  with  various  alternations  of  failure  and  success,  in  the  treat 
luent  of  disease. 

In  the  period  intervening  between  the  discovery  of  animal  electricity 
by  Galvani*  and  ihc  construction  of  the  pile  of  Volta,  dt^ctricity  was 
applied  to  the  l»ody  by  means  of  luetaUic  plates,  joined  together  by  a 
lueiatUc  arc.  Sometimes  these  were  simply  placed  against  the  skin, 
and  so.neiinK's  over  spots  denuded  by  a  bltster.§ 

•  A  Complete  Trcaii«ic  on  Electricity,  in  Theory  and  Practice,  with  origin*!  Ex- 
perimetit^    Lonttres,  1777.    Id.,  Meittcal  Eteciricity.    L^ndre^  \^^, 
t  AliJiaus  op.  cit.,  p.  2S7. 

%  A.  Tripier,  Moiiuel  frelectrO'thrfriii^Me,  cxpos^  pratique  cl  critique  (IciappUcotionj 
ntfdkales  et  thirurgicales  dc  I'rflcclrik.  t(5.    Paris,  1S60.      %  Tnjiicr,  op.  ciE.»  pw  363 


204 


BRA  QF  CALVANTZATrON. 


In  i7g3,  Behrend,  Creve,  and  Kltin  suggested  the  use  of  galvjutisin 
as  a  means  of  distinguishing  real  from  apparent  death.  The  6rst 
attempts  to  make  galvanism  of  practical  service  in  the  treatment  of 
disease  were  made  by  Professor  Loderj  of  Jena,  The  results  of  his 
experiments  were  vmsatisfactory. 

In  1793  Huft^land  and  Reil  advised  the  use  of  galvanism  in 
paralysis. 

In  1796  Pfaflf  advised  the  same  remedy  for  atwaurosis.  None  of 
these  authorities  spoke  frora  much  personal  expedence,* 

In  1797,  Alexander  von  Humboldt  f  suggested,  on  theoretical 
groutids,  the  use  of  galvanism  in  paralysis,  rheumatic  pains*  and  dis- 
eases of  the  eyes, 

Vaiti  actually  restored  to  life,  by  galvanism,  frogs  and  fowls  that  had 
been  nearly  saiffocated-I 

The  voltaic  pile,  invented  in  1800,  marked  an  era  in  the  medical  use 
of  the  galvanic  current,  because,  with  all  its  imperfeclionSj  it  was  vastly 
superior,  for  therapeutic  purposes,  to  the  metalJic  plates  that  had  pre- 
viously been  employed  during  the  period  which  had  elapsed  since  the 
discovery  of  Galvani.  It  was  at  once  employed  by  Loder,  in  Jena,  by 
Grapengiesser,§  Bischoff,  and  Lichtcnsteinp  in  Berlin,  and  by  Hallefj 
in  Paris,  chiefly  in  cases  of  paralysis. 

In  1801,  Augnstin,  of  BerHn,  published  a  treatise  on  galvanisni^  in 
which  he  reported  results  of  treatment  of  paralysis  by  applying  the 
negative  pole  to  the  central  end  the  nerve,  and  the  positive  to  the 
peripheral.  Prof.  Schwab  experimented  with  the  voltaic  pile  in  cases  of 
deaf-muteism.  In  1802  Sigaud  de  la  Fond  published  a  work  in  which 
he  recommended  frauklinic  electricity  for  nearly  every  form  of  disease. 
In  1804,  Aldiui,  a  pupil  of  Galvani,  published  a  treatise  on  galvanism, 
in  which  he  theoretically  recommended  it  for  deafness,  insanity,  and 
amatirof;is,  and  also  to  produce  artificial  respiration.  || 

Even  during  this  era,  and  for  many  years  after  the  invention  of  the 
voltaic  pile,  franklinic  electricity  was  still  employed. 

In  1817  Dr.  Thomas  Brown,  of  Albany,  published  a  work  entitled 
"  The  Ethftfat  Physician"  in  which  he  recommended  franklinic  electri- 
city for  paral)-5is,  tic-doulourenx,  epilepsy,  chorea,  and  in  a  large  variety 
of  disorders. 

•  Tripicfj  op.  cit.^  p.  363. 

f  Vcmich  Tiber  die  gereizlc  Mui^kel  und  NervenFasen    Berlin,  1797. 
^  Elx|>^riencc  sur  le  gAlvanL^mCg  tmduit  par  Jadclot.    Paris,  1799, 
g  Vcrsuqhc  den  Galvinismiis  zur  Hcilung  einjgcr  KrAnkhcitcn  anrawendeti 
Bcrim,  iSoi.  1  Essai  th^orique  et  exp^rimenta  sur  le  galvAnismc  1804. 
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In  i8iS  Dr,  liveiett,  of  New  York,  published  soraetiimg  on  the  use 
elcciricity  in  medicine  that  was  based  on  experience  that  he  bad  de- 
rived with  the  appoj'atus  of  Dr.  Brown. 

In  &i>ite  of  all  these  endeavors  on  the  part  of  scientific  men  to  give 
imiKiriance  and  dignity  to  the  cause  of  electro-therapeutics,  it  failed  tc 
fulfil  the  extravagant  expectations  that  had  been  formed  of  it  j  a  reactioD 
followed,  and  it  fell  into  disrepute.  Electricity  had  been  tried  for  a 
wide  range  of  diseases,  but  partly  on  account  of  the  inconstancy  of  the 
voliaic  pile,  and  partly  thiough  the  ignorance  of  the  operators,  it  was 
found  to  be  a  most  uncertain  remedy.  It  was  confounded  with  tne»- 
merism,  which  at  this  period  came  into  notoriety,  and  for  a  time  il 
shared  its  fate. 

A/any  of  the  tarty  Experiments  made  by  the  Laity. — It  will  be  seen  by 
a  glance  at  the  above-mentioned  names  that  the  earliest  experiments 
in  electro  therapeutics  were  made  by  the  laity*  A  science  that  now 
consutands  some  of  the  best  brains  of  civiliitation  was  born  among  the 
humble  and  the  lowly.  It  was  cradled  in  ignorance  and  reared  and 
fostered  by  those  whoj  hovvevpr  eminent  in  other  walks,  knew  ]ittle  or 
nocliing  of  medicine.  CheinistSj  physicists,  priests  and  paupens,  monks 
and  niouniebiinks,  were  in  the  eighteenth  century  the  leading  authorities 
in  elcctio-iherapeuiics.  If  there  were  those  at  this  lime  who  had  faith 
in  the  coming  of  a  better  day,  when  elfctro-iherapeuiics  should  be  a 
recognised  and  pennanent  part  of  the  medical  science,  it  was  llieir  mis- 
fortune to  die  without  the  sight.  Not  tmtil  the  close  of  the  eighteenth 
century  were  the  great  discoveries  of  Galvani  and  Vol  La  revealed  to  the 
orUi,  which  was  to  work  and  wait  for  at  least  half  a  century  before  it 
ould  see  even  the  beginning  of  the  fulfilment  of  its  hopes.  Some  of 
the  great  sciences,  like  some  of  the  great  religions,  have  had  ttie  hiuu- 
blest  origin. 

Of  the  early  history  of  electro-physics,  Whewell  •  thus  remarks  : — 
"  At  such  a  period  a  large  and  popular  circle  of  spectators  and  ama- 
teurs feel  themselves  nearly  upon  a  level  in  ihe  value  of  their  trials 
and  speculations  with  the  more  profound  thinker*; ;  at  a  later  period, 
when  the  subject  ts  becoming  a  science,  that  is,  a  study  in  which  alJ 
must  be  left  far  behind  who  do  not  come  to  it  with  disclpliued,  informed, 
and  logical  mindii,  the  cultivators  are  far  more  few,  and  the  share  of 
applause  less  tumultuous  and  less  loud.  Electricity,  to  be  now  studied 
rightly,  must  be  reasoned  ti|>on  mathematically/* 

What  Whewell  here  says  of  electro-physics  may  just  as  truly  bt 
applied  to  eleciro-therapeutics. 

*  Itlntory  of  the  Inductive  Sciences,  zd  «L,  vol,  iL,  p.  doo. 


Z06        CHARACTER  OF  THE  KARLY  EXPERIMENTERS. 


In  ihc  earlier  experiments,  the  phUaso]>her  and  the  fool  were  |uctt) 
nearly  on  the  same  level  in  [heir  knowleOge  of  the  application  of  Ihis 
sul  tie  force  lo  the  treatment  uf  diseases,  wirh  tliis  advantage  on  the  side 
of  the  fool,  that  through  the  very  excess  of  his  iynoiance  he  dared  and 
ventured  where  the  ^philosopher  koew  just  enough  lo  fear  id  tread. 

It  was,  as  we  shall  see,  a  lung  time  l>cforc  cicctio-tlierafjcutics  should 
lie  gradually  dcvclo^jed  intLi  a  science  of  sufficient  po^itivenesa  to  com- 
mand the  attention  of  men  of  science  for  its  own  sake,  and  to  excite  the 
despair  of  the  ignorant. 

Here,  as  in  all  other  realms  of  investigation,  the  development  ts  from 
simplicity  towards  complexity,  from  generals  to  specials,  and  from  truths 
that  are  common  to  all  classes,  to  truths  that  only  a  few  specialists  can 
thoroughly  master.  We  are  reminded  here  of  the  beautiful  thought 
of  Thoreau-  When  reproached  fot'his  eKclusiveness  and  love  ofsrlitudc, 
he  replied,  "  It  is  not  $o  much  that  t  love  to  be  atone,  as  that  1  ioveto 
soar,  and  the  higher  I  ascend,  the  company  grows  thinner  and  thinnei, 
until  at  last  I  am  left  aliuoat  alone*" 

Strikingly  ihjs  principle  has  been  illustrated  even  in  the  most  recent 
history  of  electro  therapeutics,  boili  in  liuro^>c  and  America.  A  field 
now  orcni>!ed  by  some  of  the  ablest  scieniists  of  Germany,  England,  and 
France,  was  formerly  crowded  with  lawless  intruders. 

When  wc  began  to  mite  on  this  subject  in  tS66,  a  tide  of  in- 
quiries at  once  set  in  upon  us,  from  all  parts  of  the  counliy.  The 
authors  of  diese  letters,  with  same  few  exceptions,  we  have  never  seen  ; 
but,  judging  front  the  style  of  composition  and  the  character  of  the  in- 
quiries, they  Wert'  as  a  rule  comparatively  igriorant,  and  belonged  to 
the  lower  strata  of  the  profession.  Letters  that  we  receive  more  re- 
cently during  the  past  three  years,  evidently  come  from  many  of  the 
best  men  in  the  profession.  As  the  science  develops,  brains  and  cul- 
ture are  attracted  lo  it.  In  our  large  cities,  those  who  are  studying  this 
subject  are  among  the  most  promising  names  in  science. 

In  iS^St  SarlanditHre  proposed  the  employment  of  acupuncture 
needles  in  gal  van  i  nation,  so  that  tiie  current  could  be  moi"c  exclusively 
and  definitely  localized  on  the  desired  nerve  or  organ.  This  method 
of  treatment  was  called  electro-puncture.*  He  used  for  this  purpose 
franklinic  electricity.  Subsequently  Majjendie  successfully  experimented 
with  galvano-puncture  in  neuralgia,  paralysis,  and  other  nervous  dis- 
eases, 

The  discovery  of  electro  puncture  was  the  beginning  of  the  science 
M&n.  vur  r£lectro-puncture.    Paris,  iSaj. 
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of  clcctro-iurg<T)%  a  department  vfhich  at  that  liine  conn ivan Jed  a 
vk'u\:'T  interest  than  the  medical  ii9c  of  eleciriciry,  and  which  has  now 
most  imi>ortant  position  in  science. 

Gerard  and  Frava^  suggested,  and  F6uequin  and  CiniseUi  sticccedea 
ill  euiing  aneuriiin  by  galvano-puticlurc.  Subsequently  galvano  cauier- 
ization  has  been  investigated  by  Steinlieil,  Middtldurpff  (1^59),  Amus- 
sat,  Allhaus,  Byrne,  ovirselvcs,  and  many  others,  (For  detailed  history 
of  the  surreal        of  electricity^  see  Klectro-Surgery,  Chapter  I.) 

In  1S26,  liaumtf  ptiblitihud  in  London  a  work  on  galvanism,  which 
two  years  later  rcaiJp eared  in  a  difTerent  form,  and  was  translated  into 
French  by  Fabre  Palaprat,  who  was  the  first  to  use  the  galvanic  current 
in  electro  inmcture, 

Th€  Era  0/  Para^tsatiim.^'Yhc  pnblication  of  the  discovery  of  in- 
ductive electricity  by  Faraday,  in  1831-2,  changed  the  whole  course  of 
elcctro-lherapeulics.  On  the  basis  of  this  discovery  electric  machines 
were  con^trnried  that  were  both  more  reliable  and  more  convenient 
than  the  ordinary-  voltaic  jJiie.  Hie  first  nTagneto-electric  machine  was 
constructed  by  Tixii  in  and  was  first  eraploytrd  in  the  treatment 
of  diseases  by  Nccf  of  Frankfort.  Afterwartls  electro-magnetic  (volla- 
eleciric)  mnchmes  were  constructed  by  Nccf,  Clarke,  Sihhrer,  and 
others,  wliich  from  time  to  time  h^\-*t  been  variously  modified  by  a 
Urge  number  of  ex|M;nmenters  in  diflferent  countries. 

From  this  time  electricity  in  ihe  form  of  faradiiation  began  to  be  ex- 
tensivt?ly  and  indiscriminately  employed,  both  iti  this  coimtry  and  in 
Europe  It  was  used  by  the  laity  as  well  as  by  the  profession,  though 
at  first  without  any  recognized  method,  ami  without  any  very  clear 
ideas  of  the  indications  for  which  electrization  was  adapted.  Since 
that  time  four  distinct  methods  of  «/(/fV*3/ elecirijcation  have  been  intro- 
duced, in  which  the  galvanic  as  well  as  the  faradic  current  have  been 
tpp'^priated,  and  under  one  or  the  other  of  which  may  be  classed  all 
the  applications  of  farn<lic  or  galvanic  electricity  that  have  since  been 
employed.  These  methods  arc  hcaiized  faradhtttwn,  hcaiittd gah^n- 
izitiiorty  gmtrai  faradization^  and  cenirtil  galvanizaiion. 

Ifutory  iff  Lactilisfd  Fnradisafhn.—The  history  of  localized  clectri- 
laiion  is  identified  wiih  the  name  of  Duchenne,  whose  experiments  and 
discoveries  have  given  such  an  impetus  to  this  injportant  and  growing 
partment.  Duchenne  was  not,  howe%'er^  the  first  to  employ  localised 
adiwtion.  Prior  to  his  time,  faradijuition  had  been  used  by  ^fas3on 
in  France,  and  Neef  of  Frankfort ;  and  in  this  country  it  has  been  em- 
'ployed  l>y  the  profi^siion  and  by  the  laity  from  the  period  of  the  first 
{H^pularizalion  i^f  machines  of  induction. 
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Even  as  cai  ly  as  1S43  localized  faradization  was  used  in  tltis  country 
side  bv  side  with  general  faradiialion,  Lliough,  like  the  latter,  il  bad  re. 
reived  no  distinct  nomenclaturei  and  was  indiscriminitely  recommended 
and  unscientifically  applied.*  The  two  meiliods,  localised  and  general, 
were  frequently  confounded,  and  both  wei^  known  under  die  vagutf 
term,  '*  electrifying.'*  Duchenne's  earliest  attempt  to  call  the  atteniioft 
of  the  profession  to  thts  subject  is  thus  recorded  in  his  own  words  : — 

'*  De  Tart  de  limitet  rexcitalion  tlectriqac  dans  les  organes  sans 
piquer  ni  inciser  la  peau,  nouvelle  niothode  d'ulectri&aUan  appel^  eUf- 
trisatiiitt  li)calise€j  et  dont  les  principes,  resumes  dans  une  note  adress^e 
en  1847  4  TAcademie  des  Sciences,  ont  et^  d6('elopp€s  et  publics  dans 
les  archives  genir ales  de  Mddicine  en  juillet  et  aout  1S50,  et  fevrier  el 
mars  1S51."  In  1855  he  published  his  chief  work,  "  De  rElecirisaiion 
Locali$oe,  et  de  son  Application  \  k  Phy^iologie,  k  la  Patliologie^  et  4 
la  Th^rapentique." 

This  work  became  known  to  the  profession  in  Germany  through  the 
abridged  translation  of  Dr.  Erdniann. 

The  leading  idea  of  the  method  of  localized  faradisation  of  Du- 
chenne  was,  that  the  current  can  be  localized  over  a  fixed  poirU  under 
the  skin  if  well-moistened  conductors  are  strongly  pressed  upon  the  skin. 

He  observed — what  is  perfectly  fainiUar  to  all  experiuicnlurs  in  elec- 
tro-therapeutics—that  when  dry  electrodes  are  a[)plied  to  the  dry  skin, 
sparks  with  a  crackling  sound  are  produced,  but  no  sensation  and  no 
muscular  contraction.  He  observed  that  when  the  electrodes  arc  well 
moi^atened^  contractions  are  excited  in  the  muscles^  with  the  phenomena 
of  sensation. 

He  recommended  three  forms  of  electrodes — solid  metalHc  elec- 
trode*, nxetallic  brushes,  and  the  hand. 

On  these  observations  and  experiments  Duchenne  based  a  system  of 
electro-therapeutics  and  electro-diagnosis  which,  as  since  refined,  de- 
veloped, and  modified  by  himself  and  by  numerous  other  iaborers  in 
various  countries^  has  now  grown  into  a  permanent  deparlnient  of 
science 

Localised  faradization  was  appi  eclated  by  electro-therapeutibts  more 
rapidly  than  some  of  the  other  methods  of  using  electricity,  as  eiectro- 
lyzation,  general  faradization,  galvano-cautery,  and  central  galvaniza- 
tion, for  the  reason  that  it  is  the  easiest  learned  of  all  the  methods  and 

•  In  Ptke*s  Catalo^ie  of  Mathemnlical,  Opticd,  and  Pbilosophicd  Instramenls, 
184$^  there  H  ti  cut  of  the  far.iidic  9:pparatus  that  had  been  in       far  five  yenr? 
these  efLflv  experimerUers.    The  same  work  alfo  canrains  a  cut  illuBlralitt|r  xhek 
luetlioi  jf  lociUized  faradkation  of  th«  leg. 
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requires  only  ihe  simplest  and  cheapest  form  of  battery*  To  be  an 
expert  In  it  requires  a  degree  of  skill  and  experience  and  mannal  facil- 
ity, as  well  as  familiarity  with  the  diseases  for  which  it  is  indicated,  and 
sotne  knowledge  of  elecLro  physics  and  electro  physiology  are  of  essen- 
tia) service  ;  but  in  none  of  these  respects  is  this  method  as  exacting 
as  any  ore  of  the  others* 

Hence  it  is^  that  localized  faradisation  is  the  nietbod  with  which 
novices  usually  begin  their  experiments  in  this  branch,  and  it  is  the 
method  which  by  the  mass  of  the  profession  is  now  more  used  than 
any  other. 

Among  specialists,  however,  of  all  countries,  localized  galvanization 
is  more  used  than  localized  faradization,  since  it  meets  on  the  whole, 
as  experience  shows,  a  larger  range  of  indications. 

History  of  Localized  Gah^anizatlon. — One  of  the  ablest  and  most 
prominent  of  those  whom  the  writings  of  Duchenne  inspired  to  enter 
upon  the  study  of  electro-therapeutics  was  Professor  Reniak,  of  Berlin- 
His  first  work,  "  Uchcr  Mcthodische  EUdrisirtmg  GdMmUr  Mttskeln  ** 

On  the  Methodical  Electrization  of  Paralyzed  Muscles,"  was  pub- 
lished in  1855,  In  this  work  he  revived  and  recalled  the  attention  of 
the  profession  to  the  fralvantc  current^  and  he  furthermore  announced 
thai  in  order  to  bring  a  muscle  to  complete  contraction  it  is  bettei  to 
excite  its  uiotor  nerves  than  10  allow  the  current  to  operate  on  the 
muscular  subsiance  itself.  His  second  work,  "  Galvano-ThcrapU  d^r 
t^erv^n-  und  Muskel  Krankheitcn^^  was  published  in  1858, 

Rcniak  became  the  fovmder  of  a  school  of  electro-therapeutists  in 
Germany,  as  Ducbenne  had  been  in  France.  Their  systems,  as  has 
been  said,  differed  in  two  important  particulars.  Both  used  hcalistA 
electrization^  Duchenne  used  the  faradic  current,  mating  the  applica 
tions  to  the  musclts  j  Reniak  used  the  galvanic  current,  making  the 
applications  to  the  motor  nerves, 

Duchenne  declared  that  the  galvanic  current  was  useless  for  the 
treatment  of  disease,  while  Remak  contended  that  it  was  the  only  cur- 
rent that  was  of  any  value,  Duchenne  was  unwilling  to  admit  the 
reality  of  the  discoveries  of  Remak,  and  Remak  as  emphatically  re- 
jected the  conclusions  of  Dvichenne.  Both  enforced  their  stait'ments 
by  the  resuks  of  experiments^  at:d  both  appealed  to  experience. 

It  is  now  well  recogniied  by  all  electro-therapeutists  that  there  was 
Irtith  on  both  sides  of  this  interesting  controversy— that  the  galvanic 
and  faiadic  currents  are  both  of  service  in  the  diagnosis  and  treatment 
of  disease,  and  that  too  in  more  than  one  mode  of  application.  We 
now  see  that  if  Duchenne  was  too  dogniati*^,  Remak  was  too  extrava- 
14 


2\0 


DCALIZED  GALVANIZATION. 


^anr,  but  that  both  of  ihcra,  by  their  experiments  and  labors,  were  of 
[jo&ttive  service  to  science,  and  made  the  way  easier  and  safer  for  ihose 
who  have  since  followed  them  in  the  departmenl  of  localised  electriia* 
rion- 

Remak,  sliortly  before  his  death,  published  a  work  entitled  Appit- 
(aiiotj  du  Courant  canstant  au  Tratttrntni  dts  Nh'rcses^'  Paris,  iS65» 
which  coi.talned  tlie  leading  ideas  of  lus  system,  and  has  been  the  means 
of  stimulating  many  other  experimenters  in  this  difficult  department 

Remak  did  more  than  merely  introduce  the  galvanic  current  to  the 
profession — he  discovered  and  recomniet^ded  special  applications  nf 
ihe  current,  and  suggested  tlic  theory  of  its  catalytic  action.  He  was 
the  fir.^t  to  scientifically  iiivesni;ate  localized  galvanization  of  the  ccr^ 
vical  sympathetici  of  the  brain  and  spinal  cord,  and  thereby  greatly 
wi<lened  the  sphere  of  electro-therapeuiics.  Although  at  tirst  his 
theories  tt'ere  scouted,  and  lus  stati^nienis  discrL'dited,  yet  since  his 
death  they  have,  in  the  main,  been  strikingly  confimied,  and  are  now 
-egarded  as  accepted  facts  in  science. 

Even  during  this  last  era,  franklinic  electricity  has  been  by  no 
i^cans  laid  aside.  In  1847,  Dr.  Golding  Bird  pLiblished  very 
r  rmarkabie  results  obtained  in  the  treatment  of  amcnorrhoea  by 
dtaric  electricity,  in  Guy's  Hospital*  He  made  wse  of  a  Leyden 
jar.  Franklinic  electricity  has  been  successfully  used  by  Drs.  Gull 
md  Clement,  It  lias,  for  a  number  of  years,  been  successfully 
employed  by  Dr.  RadclifTe  and  others,  in  the  London  Hospital  for  the 
Paraly/ed  and  F-pileptic  Quite  rect-nily  Prof.  Schwanda,  of  Vienna, 
has  reiH3rted  suggestive  results  fioru  franklinic  electricity  generated  by 
Holtii's  electrophorns  machine.  Dr,  Arthiits,  of  Paris,  has  recently  pub- 
lished a  work  on  the  subject ;  this  has  been  translated  by  Dr.  Leveridge:, 
of  Chicago. 

Within  the  past  fifteen  years  locali2ed  faradization  and  galvanization 
has  been  dcvelopetl  and  improved  in  France*  in  Germany,  in  England 
and  Aiuerica,  by  a  number  of  able  and  laboriovis  men  of  science. 
Among  tlie  voluminous  authors  in  this  department  may  be  mentioned 
the  names  of  Meyer,*  I3ecquerel,f  liaieriacher,J  Allhaus,§  *rripier,J 

*  Die  Elcctrigiliil  in  ihrcT  Anweiwluiig  aiif  prakltsche  MeiUcin.  Berlin,  1SS4  «nd 
1S6S.    TrDLit^latcd  by  Or.  Hammond. 

f  TraiU"  lies  ap|_lic:atiuns  ilc  I'eltctricUi^  4  la  Thdrnptutiqiie.    Paris,  1S57. 

%  Die  [iitluctions'ElectricitAt  bv  pbysiaI<igL5cli-tUera{>euti5cher  Euiebimg,  NUra* 
oerg,  1857. 

^Treatise  on  Medical  Electricity.    London,  1S59.    Llt^  edition,  1S73.  G«l- 
rnnism  in  Paralysis,  Neuralgia,  etc.,  iS66, 
\  Manuel  d^Iitectrotfa^rQpie;    Pnris,  1861, 
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Rosenthal, •  Fromrnhold,f  Ziemssen^J  Garratt,§  Benedik^J  Brtnner>*f 
Cyon.** 

Histo-y  fif  Qenerui  Faradization- — In  general  faraduatirn  the  aim 
is  to  bri^ig  the  whole  body  under  the  inOuence  of  the  faradic  cum:nt,  so 
&r  AS  is  |>os&iblc,  by  exton^al  ^pjilication. 

The  origin  of  general  faradization,  like  that  of  localized,  is  somewhat 
uncertaitif  since  it  is  difficult  to  determine  how  long  it  was  used  by  the 
laky  Ix'fore  we  formally  introduced  it  to  the  profession.  It  is  certain 
that  both  methods  have  been  in  i>opiilar,  and,  to  a.  certain  extent,  in 
profesiiional  use  in  America*  from  a  period  not  long  subsequent  to  the 
popularizalion  of  the  discovery  of  induction,  certainly  a  long  time  be- 
fore thcry  were  introduced  to  the  profession.  One  of  the  first — and 
probably  the  very  first — to  employ  a  form  of  general  faradization  vas 
William  Miller,  of  New  York,  who  began  the  empirical  use  of  this  sys- 
tem of  treatment  in  1843.  Since  that  time  some  form  of  general  far- 
a<iiiatioTi  has  been  employed  by  Sherwood,  of  New  York  ;  Dr,  W,  Dem, 
nting,  of  Portlantl ;  Drs.  Garratt,  Cross,  and  Guthrie,  of  Boston  ;  Dr. 
VVells,  of  Rochetiter,  Y.  ;  l^rs.  Page  and  Channing,  and  by  a  very 
Urge  nuruber,  bolh  in  the  profession  and  out  of  it,  of  whose  names  and 
special  n>ethods  but  tittle  is  known,  since  they  have  taken  but  Utile  paii)« 
to  esiabltbh  the  treaunent  on  a  scientific  basis,  or  to  introduce  it  to  the 
attention  of  the  profession.  Many  of  these  practitioners  combined 
localized  with  general  faradi2aiion,  and  some,  perhaps  the  majority,  em 
ployetl  the  latter  exclusively,  though  with  little  definiteness  or  precision. 
Alihough,  as  has  been  said,  some  cif  these  early  cxperiinenters  were 
educated  physicians,  the  majority  were  ignorant  not  only  of  medicine, 
but  of  every  other  department,  and  not  a  few,  unfortunately,  were  as 
unprincipled  as  they  were  ignorant. 

Although  many  of  these  experimenters  were  laymen,  although  they 
bad  no  part  dot  lot  in  tlie  realm  of  science,  and  aitt)ough  many  of  them 
were  as  devoid  of  conscience  as  of  intellect,  yet  we  should  none  the 
lcs!»  eagerly  seek  for  and  accept  whatever  of  truth  they  may  have  stum 

•  PJc  KlecTrntlierapie,  ihre  Begriindnng  und  Anwendiing  in  Her  Medirin,  Wien, 
lS^5.     Ijitesi  eililirrn,  1S7J. 

+  Klectrotherapie  mil  tx^omlercr  Riicksicht  auf  Nerven-Krankhciteo  j  vom  prak* 
tb«:h(*n  Stojiilpirnktc  »ktmxl.    Pcstb,  IS65. 

i  l>ic  I%lcclridlat  in  <lcr  Mc<Ucin.     Berlin,  1S66.    Latest  cdiiign,  1S72. 

g  Mrdicitl  El^tricity.    Pliilflftctphta,  1^66. 

I  ElcclrtJthrfraplc.    Wlcn,  1S6S.    Second  ccHtioti,  1874, 

^  Untersiichungrn  und  Bt-obnchtungen  atif  ileiti   Gcbiete  dcr  KIelctTotherftpi« 
Iciprig,  jS6S  unil  1369. 
•*  frin^ipet  li'Klecirotli^i  apic    Piris,  1873. 
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bled  upon  or  discovered,  lii  history  of  therapeuUcs  It  has  oftec 
been  the  fortune  of  the  ignorant  and  the  lowly  to  bit  by  chance  oc 
some  great  fact  for  which  the  wisdom  of  the  ages  has  sought  in  vain. 
Says  Dr.  Stills,  "  Nearly  every  medicine  has  become  a  popular  remedy 
before  being  adopted  or  even  tried  by  physicians ;  "*  and  according  La 
Pereira,  nux  vomica  is  one  of  the  few  remedies  die  discovery  of  which 
is  not  the  effect  of  mere  chance,} 

Impartial  history  must,  we  think,  record  that,  before  Duchennc  and 
Remak  were  known  on  either  side  of  ihe  Atlantic^  before  our  more 
recent  electro-therapeutists  had  commenced  their  prol'es&ional  labors  ot 
studieSj  there  were  in  this  land  not  a  few  empirics  who,  by  some  form 
of  general  or  locali/t.^1  faradization,  or  both  combined,  or  by  methods 
various  and  inconsisttrnt,  and  in  spite  of  their  own  ignorance  or  vice* 
were  achieving  successes  in  the  treatment  of  disease  which,  in  certain 
features,  even  the  most  advanced  physicians  of  our  day  have  not  yet 
surpassed,  il  ihey  did  not  belong  to  the  chosen  ranks  of  the  prot'es- 
sion,  it  is  none  the  less  true  that  the  results  which  they  secured  were 
oftentimes  such  as  the  ablest  leaders  in  science  might  well  have  envied. 
If  their  methods  were  empirical,  their  empiricism  was  often  justified  by 
its  success.  If  tlwir  nomenclature  was  imiierfect  and  confused,  and 
their  diagnosis  erroneous^  yet  their  confusion  and  errors  were  not  a  lit- 
tle redeemed  by  tiie  skill  with  which  they  met  emergencies  when  the 
therapeutiiJt  wns  far  more  needed  than  the  pathologist  or  the  diagnosti- 
cian. TAff  grtat  dtfect  of  thcst  empirics  was  mf  in  their  rcsuits^  U'/iich 
oftentimes  were  truly  remarkable^  but  in  the  fact  that  their  general 
igftorarue^  amf  tsp^cuilly  their  ignorance  of  nudfcifte^  reiuiered  if  imp&s 
sibie  for  them  to  diseriminaie  in  their  eases  or  their  methods^  or  itttel- 
iigently  femmnnicate  their  experience  to  others^  or  in  any  wa y  to  make  it 
of  permanent  value  to  science.  They  treated  all  cases  about  alike, 
without  reference  to  the  pathological  condition,  and  in  spite  of  aU  iheii 
successes  frequently  failed  where,  with  better  knowledge,  they  might 
have  succeeded. 

In  Europe^  so  far  as  we  can  ascertain  from  the  published  writings  on 
the  subjccti  or  from  OLir  own  personal  observation,  the  method  of  general 
faradisation^  as  described  in  this  work,  has  not  been  used  or  reconi* 
mended,  at  least   by  men   of  science.     In    1852,  Beckeitstciner]' 

•  ThernipetitEcs  vol.  i.,  p.  31.  The  same  author  slates  lhat  **by  far  die 
(Tcaier  number  |of  nieiiicines]  were  fir^t  emptoyed  In  countries  which  were  and 
Mc  now  in  a  i^taic  of  scientific  ignorance," 

I  M :Uefia  Mciiica,  vol,  ii.,  33^.  HyJrate  of  CMora!  niay  now  ^x  aeMcil  tor 
his  list.  {  EtU(j«  :tur  I'Elccttridte.    Parist  i^S9' 
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mgge^ted  (he  idea  of  '*  ammalizing  *'  statical  electricity  by  passing  ii 
through  the  body  of  the  operator,  and  making  passes  over  or  near  the 
patient. 

in  M.  Dropsy*  de  Cracow  published  a  new  method  of 

fartidization,  the  modtss  operandi  of  which  consisted  in  connecting  an 
electrode  by  two  branches  on  the  top  of  the  head  and  the  epigastrium, 
while  the  other  electrode  was  connected  by  four  branches  with  the 
hajids  and  feet  At  each  sitting  the  poles  were  reversed.  In  1858, 
Scilt'rf  proposed  to  cure  consumption  and  many  other  obstinate  and 
incurat>lc  diseases  by  passing  a  faradic  current  through  two  electrodes 
near  to  but  not  over  the  body  of  the  patient. 

In  1863,  GublerJ  suggested  the  treatment  of  conditions  of  debility 
by  placing  both  hands  and  feet  in  s€)>aratc  basins  containing  salt 
water,  and  parsing  a  faradic  current  through  the  body. 

Our  own  attention  was  called  to  the  subject  of  general  faradization 
in  i3G6,  and  in  that  and  the  following  year  we  introduced  it  to  the 
profession,  describing  in  a  general  way  its  powerful  tonic  effects  and 
mmius  operandi. 

{Tht  Medical  Use  (tf  EUctricUy,  with  special  reference  general 
tUiirizatim  as  a  imiic^  Beard  and  RochtutUy  New  York^  1S67.) 

The  name  general  eiecfrhatitm^  as  descriptive  of  this  method  of 
treatment,  was  first  employed  by  us  and  in  the  writings  to  which  wc 
have  refcrteiL  In  the  present  edition  of  thii^  treatise  we  resitricc  the 
tcmis  to  general  faraditatioHt  for  the  reason  tliat  our  method  of 
iititml  gtil7'anisatiott^  to  be  hereafter  described,  lias  to  a  considerable 
extent  tiiken  ihe  place  of  ^^/r^rrf/ galvanisation. 

Our  own  claims  in  regard  to  general  faradisation  are  : 

1st.  To  have  studied  the  method  as  practised  by  the  laily,  and  to 
have  improved  it|  reduced  it  to  a  system,  and  given  it  a  scientific 
basis,  and  to  have  shown  its  relations  to  other  melhods  of  using 
electricity— in  slioii,  to  have  done  for  tliis  method  what  Uuchenne  did 
for  tocaUied  faradt/ation. 

ad.  To  have  interpreted  its  special  and  general  effects,  giving  it  a 
tume,  pointing  out  the  true  rationale  of  the  method,  and  the  in- 
dicatioDs  for  its  use. 

3d.  To  have  first  called  the  attention  of  the  jirofession  to  this 
method,  enforcing  our  views  by  the  results  of  persuual  ex]jerinients» 

*  Electroth^rflpie  cd  cippticration  m^icale  pratique  dc  IV'lectricit^  bas^  mr 
Iriiuveaux  proc^i's.    ParU,  1^57,  in  8vq, 
f  Galvanisation  par  i[ifliit:nc&    Vaxi^  iSjS. 

%  Dc  I' ElcctrUalien  f;=n^-ile.    Bulietin  de  Th^rapcutique,  Dec.  iS6> 


4th,  To  have  discovtreU  in  our  experiments  wilrt  this  J-  ethod,  thai 
ckctri^alion  was  a  tonic  of  great  and  varied  tfficacy,  and  therefore 
indicated  in  a  large  range  of  conditions  of  debility,  and  to  have  forcH 
this  fact  on  the  i^^ufcssional  mind  until  it  has  become  widely  acceptetl. 
and  has  become  the  basib  for  the  ube  of  ekcthcity  in  the  tieatinenl 
of  medical  diseases. 

Tlie  length  of  titne  required  to  make  a  thorough  applicatiom  of  general 
faradualtoi5j  and  the  amount  of  piactice  nece&sajy  to  acquire  skill  and 
faciliiy  in  its  employment,  have  interfered  somewhat  with  its  popiilari^A* 
tion  among  specialists  in  electro  therapeutics ;  but  in  spite  of  these 
dlfhculLie^i  the  method  is  no^^  used  with  the  highest  success  by  hunUrcdi 
of  physicians,  specialists  and  general  practitioners,  &Cyaj3d  its  popular- 
ity is  very  rapidly  increasing. 

In  Germany  the  method  has  been  from  the  first  received,  in  part 
through  the  careful  resume  of  Prof.  Erb,  of  Heidelberg^  with  greater 
inLercf^t  and  appreciation  and  with  more  favorable  consideration  ihau 
in  any  otlier  country,  excepting  perhaps  ihc  United  States,  Dr.  R. 
Vater,  of  the  University  of  Prague,  in  his  preface  to  the  'German 
tianslation  of  the  first  edition  of  this  work,  has  wainily  recommended 
the  method^  basing  his  recommendation  on  his  own  personal  experience; 
and  more  recently,  Beneilici  of  Vienna,  in  the  latest  edition  of  his  work^ 
has  given  the  method  inlelligeui  and  appreciative  consideration. 

History  of  Central  Gahanizaihn.' — The  method  of  central  galvan- 
ization, as  has  been  described  tn  our  publiiabed  papery  {Electricity  and 
the  Sphygmograph,  N.  Y*  Medical  Record^  December  15,  1S71  ;  also, 
Recent  Reseai-ches  in  Eleciro-Thcrapeutics,  October,  1872,  by  Dr, 
Beard;  Central  GalvanizaCion^  N.  Y-  Med.  Journal^  May,  1S77,  by 
Dr.  Rockwell),  consisted  in  placing  the  negative  pole  at  the  epigast- 
rium, while  iiu  positive  was  applied  at^er  certain  portions  of  the  head ^ 
tn'er  the  sympathetic  and  pneum&gasttic  in  the  neck,  and  down  the 
whale  length  of  the  spim  from  the  first  to  the  last  vfrtebra.  At  that 
time  we  had  used  the  method  with  the  highest  success,  in  hysteria,  in- 
sanity, neurastheniaj  gastralgia,  dyspepsia,  and  certain  diseases  of  the 
skin,  and  since  that  time  this  niethod  has  been  extended  to  a  wide 
variety  of  affections.  In  some  diseases  it  has  supplemented,  in  others  it 
has  supplanted,  general  faradization  and  galvaoijtation  of  the  cervical 
sympathetic 

'I'he  full  meihod  of  central  galvanization,  as  it  will  be  described  in 
tliis  edition  of  ihe  present  treatise,  was  not  stumbled  upon  by  accident, 
but  is  the  result  of  a  long  period  of  experimentinp,.  When  we  began  to 
tibc  the  galvanic  current,  we  sometimes  treated  gastralgia  and  dyspep 
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sia  by  placing  one  pole^  usually  the  negati^^e,  in  the  epigastric  regian, 
and  the  positive  on  the  nape  of  the  neck  ai  about  the  sixth  cervical  ver- 
tebra Gradually  we  extended  the  domain  of  the  application  so  as  to 
include  ihe  rnastold  fossa  and  the  anterior  border  of  the  sterno-cleido 
mastoid  muscle,  down  to  the  steniutu  on  both  sides.  Afterwards  wt 
resolved  lo  apply  the  positive  electrode  to  the  forehead,  stiH  keeping 
the  negative  on  the  epigastrium. 

Influenced  by  the  fact  of  observation,  that  tlie  (op  of  the  head  be- 
tween the  ears  was  frequently  tender  and  painful  in  hysteria  and  neur- 
asthenia, in  both  sexes,  it  occurred  to  us  that  this  might  be  a  good 
place  to  plant  the  electrode  so  as  to  affect  the  brain.  Another  consid- 
eration of  practical  »nonient  was^  that  this  place  in  both  sexes  is  quite 
acce&siblef  even  with  the  present  mt^thods  of  arranging  the  hair.  Look- 
ing at  the  Mibjt^ct  from  the  standpoint  of  anatomy,  physiology,  and 
pathology,  also,  it  was  ^ufEcicntly  clear  that  in  galvanizing  the  brain, 
the  object  should  be,  not  so  much  to  affect  the  anterior  lobes  as  the 
base  and  posterior  portion,  where  originates  the  great  cranial  nerves. 
We  soon  found  by  chnical  observation,  that  little  di^i^iness  was  caused 
when  the  electrode  was  placed  in  this  position,  and  that  a  stable  current 
of  a  number  of  cells  could  be  borne  without  unpleasantness,  and  that 
oftentimes  a  peculiar  sensation  was  experienced,  very  different  from  the 
fttinj^ing  and  pricking  sensations  that  are  felt  when  the  electrode  is 
placed  on  the  forehead.  Last  of  all  we  extended  the  application,  so  as 
lo  include  the  whole  length  of  the  spinal  column,  parsing  the  electrode 
beneath  the  cloilies  of  the  patient^  loosened  and  pulled  up  for  that  pur- 
pose. Since  the  first  publication  of  this  method  of  central  galvaniza- 
tion, we  have  modified  it  by  changing  the  position  of  the  negative  pole, 
up  and  <lown  the  breast  and  abdomen,  so  as  to  avoid  over-irritating  the 
stomach. 

Some  of  the  processes  of  central  galvanisation  had  been  used  by 
other  physicians,  long  before  we  woiked  up  the  complete  method  as  he 
described.  Or,  Althaus  writes  us,  that  several  years  since  he  had  em- 
ployed the  first  step  in  the  process — one  pole  at  the  epigastrium  and 
the  other  at  the  back  of  iJie  neck,  but  becoming  alarmed  by  unpleasant 
symptoms,  had  abandoned  it ;  and  Dr.  Meredith  Clymer,  of  this  city, 
informs  us  that  during  the  past  three  or  four  years  he  has  independently 
used  the  processes  of  central  galvanization  with  tonic  results  that  have 
been  most  pleasing. 

The  ill-fortune  of  Dr.  Althaus  was  due,  we  suspect,  to  the  fact  that 
lie  used  powerful  or  interrupted  currents — a  mistake  that  we  repeatedly 
made  during  our  earlier  experiments,  a  mistake  that  is  frequently  made 
by  those  beginning  any  new  method  of  electrization. 


CHAPTER  II. 


GBKERAL  THERAPEUTICAL  ACTION  OF  £L£C1R1C1TY. 

Mhcfrkity  in  Us  AMitai  Helatwns  is  a  Siimuiating  Sc'/iaiivf  7\fnu* — 
The  ca.u$e  of  medical  electricity  has  been,  and  still  is,  greatly  re- 
Uirded  by  vague  and  incorrect  notions  of  the  position  Q^  electricity  in 
the  materia  medica.  It  has  been  classed  as  a  siimiilant,  and  up  to  the 
time  when  wc  began  to  wnte  on  llie  subject,  in  iS66,  nearly  all  the 
writers  on  the  subject  had  assumed  without  question  or  discussion  lliai 
the  stimulating  aciion  was  the  main  if  nut  the  only  action  of  electricity 
The  idea  that  it  was  also  a  tonic  was  not  even  discussed.  The  first 
formal  presentation  of  the  use  of  electricity  by  the  method  of  general 
faradization  appej.red  in  a  paper  by  Dr.  Rockwell,  based  on  consid- 
erable experience  and  many  experiments,  and  entitled  "  Electricity  in 
Uic  Treatment  of  Rheumatic  Affections,'*  i*"d  published  in  the  MoiUal 
JCt^ord  in  iS66.  In  tliis  and  snb&etiuent  papers  by  both  the  authors 
of  this  treatise,  the  tonic  effects  of  electricity  were  fully  demonstrated. 
Those  few  in  the  profc5i5ion  who  used  electricity  at  all  had  gone  no 
ftirther  than  Duchcnue,  and  supposed  that  when  they  had  used  this 
agent  to  kick  up  palsied  muscles,  ihey  bad  exhausted  its  therapeutic 
indications.  In  obedience  to  the  same  narrow  and  exclusive  dogma, 
electricity  was  supposed  to  be  exclusively  contraindicated  in  febrile  and 
inflanainatory  affections,  and  w*as  supposed  to  be  of  value  only  in  a 
very  Umited  range  of  subacute  and  cluouic  diseases.  The  acceptance 
of  the  view  that  electricity  is  a  tonic  has  wrought  a  revolution  in 
clectio  therapeutics-  An  agent  which  was  formerly  used  mainly  if 
not  exclusively  in  paralysis  and  rheuniattsm,  is  now  used,  and  witfi  fat 
more  brilliant  success,  in  hysteria  and  affections  allied  to  it,  in  insanity, 
ajienna,  neurasthenia,  in  nervous  dyspcps>ia,  neuralgia,  chorea,  in  the 
convalescence  from  fevers,  and  all  forms  of  pain  and  debility  whaiso* 
ever. 

It  is  necessary  to  state^  at  the  outset,  that  in  classing  electricity  as  a 
ttimulafin^  sedative  fanic^  we  use  tl>e  words  in  the  sense  iu  which  they 
arc  ordinarily  understootl  and  employed  when  applied  to  other  rcjnc* 
4ics  and  systems  of  trealment.  and  without  any  reference  to  the  mere 


verb^  distijiclions  thiit  may  be  or  have  been  made  in  the  class  Hcatiot 
of  mi>eeria  medica. 

Siitmtlanis  are  usually  understood  to  be  those  agents  which  ^uUkly 
txcitc  the  system,  and  temporarily  arouse  its  aciivily.  They  arc  like 
the  goad^  which  forces  the  exhausted  beast  to  draw  the  burden,  but 
does  nothing  to  increase  his  strength ;  or  like  tfie  bU^t  of  the  fur- 
nace, which  increases  the  conibustinni  but  adds  no  fuel.  We  do  no' 
accept  thi^  dc^uidun,  but  would  prefer  to  regard  btimuUnts  as  tf;obt. 
agents  that  correct,  intensify  or  economize  the  forces  of  the  system* 

Sedatives  may  be  severally  dcfmcd  as  those  agents  that  allay  irrita* 
bility  and  pain  and  induce  iiatural  repose. 

T&nics  are  ordinarily  underslood  to  be  those  agents  whicli  gradually 
improve  nutriiion^  restore  enfeebled  functions,  invigorate  the  system, 
and  peniianeiuly  increase  its  capacity  for  Labor, 

It  is  because  electrization  is  ca^jable  of  producing  at  once  the  effects 
which  are  ascribed  to  all  these  classes  of  agents,  that  we  have  defined 
it  a  stimulating  sedative  tonic. 

These  various  (effects  are  not  always  mathematically  disLinct,  but  run 
into  each  other.  The  stimulaut  efiect  may  at  once  lead  to  sedatioo^ 
and  the  permatient  improvement  lo  iiutrition  follows  after  a  long  time, 
and  is  in  part  a  result  of  both  stimulation  ami  sedation. 

Of  these  three  orders  of  effects,  stimulation^  sedai'wn  and  imprtfve- 
merit  in  nutrition,  stimuhtion  is  the  one  that  is  of  the  least  imi>ortance, 
and  yet  it  is  the  one  that  first  strikes  the  observation,  and  the  one  which 
until  very  recently  has  been  regarded  as  the  exclusive  tci>t  for  the  use 
of  electricity  in  medicine.  If  electricity  were  merely  a  stiumiant  it 
would  scarcely  pay  lo  nse  it  in  the  treatment  of  disease,  for  its  range 
would  be  so  narrow,  and  the  result  of  its  u?e  even  in  lhai  narrow  range 
so  temporary  and  un&atiifactory,  that  physicians  would  not  find  it  to 
their  advantage  to  s^iend  time  and  labor  in  making  the  applications. 

The  in  success  of  all  previous  attempts  to  popularize  electro-thcrap 
peutics  is  to  be  explained  in  part  by  the  fact  that  those  who  cx]>erimented 
with  it  looked  upon  it  as  a  simple  stimulant  and  nothing  more,  and 
recommended  it  accordingly.  If  it  depended  on  its  sdmulating  action 
only,  the  cause  of  electro-therapeutics  would  have  little  vitality.  The 
reason  why  electricity  is  now  growing  in  popularity  in  ihe  profession  \% 
because  it  is  found  to  relieve  all  forms  of  pain,  and  to  add  tone  to  tlie 
system  and  improve  nntriiion  after  ordinary  sedatives  or  tonics  have 
failed. 

Tonic  Effects  of  EUttricity  best  elicited  by  General  paraiiizaiion  and 
Central  GalTvnizati&n, — Reasoning  front  analogy,  as  well  as  from  cjtperi* 
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cnce,  it  vvoulij  seem  thai  the  full  effects  of  electricity  on  the  hiiimn  Lod) 
could  only  be  obtained  b^  making  the  applications  all  over  ihe ^ersim  ana 
Oft  the  cattrai  ntrvous  system  in  sutk  a  -way  as  to  afftcttht  wlwh  system. 
The  influentiC  uf  any  drug  or  remedial  agirnt  on  the  constitution  cor 
onl)'  be  asceriaiiit-'d  by  banging  ilie  whffU  system  under  lhat  influence 
A  man  who  habituatly  washes  one  uf  his  fingers  in  cold  water  ap 
|m:c)Aeeb  the  Ionic  effects  of  the  cold  only  in  that  finger ;  but  a  mai, 
who  habitit^ly  takes  a  shovver-bath,  or  plunges  into  a  tub  of  cold 
water,  realises  i^owerful  tonic  effects  on  his  entire  systena.  If  a  n^aii 
daily  exi>oses  one  ann  to  the  sunlight,  while  the  rest  of  the  body  if 
enclosed  in  a  dark  cell,  he  receives  direct  totiic  effects  only  in  tht 
exposed  tnentber  -  but  he  who  walks  f£>rth  and  eK]iOsc5  his  whole  per- 
son to  the  solar  rays  will  in  time  experience  the  full  tonic  effect  of  auft- 
light  on  his  system.  If  one  hand  ur  one  foot  is  vigorously  and  regti- 
lariy  exercised,  the  ttnistles  of  that  limb  exhibit  the  tonic  effects  of  the 
exercise,  and  iticrciiije  in  h^ard^lcss  and  i>ediapa  in  si*se ;  but  if  all  the 
)>orlions  of  the  body  are  vigorously  and  regularly  exercisedj  all  the 
principal  nniscles  will  increase  in  tiriiiness  and  perhaps  in  si/e,  atnl 
tonic  effects  will  be  apprcci:ited  by  the  entire  system. 

Just  so  with  all  other  tonic  remedies  and  ititluetices.  If  quinine, 
str)-Lhnine,  iron,  arsenic,  oil,  etc.,  could  be  localized  in  a  single  limb, 
only  that  limb  would  be  directly  influenced  by  them.  Their  tonic 
effect  is  only  obtained  by  administering  them  in  such  a  way  that  they 
will  penetrate  every  portion  of  the  body* 

Electricity  is  no  exception  lo  this  law.  In  order  to  ascertain  Its  full 
eilecis  on  the  system  at  large,  and  to  determine  it£  po&ition  among 
rentedieSf  the  applications  must  be  made  in  such  a  way  that  the  whole 
lysteiii  shall,  so  far  as  possible,  be  directly  or  indirectly  brought  under 
its  inlluence.  This  is  best  accomplished  by  the  methods  of  f^i-ntmi 
farai/ttation  ai^d  ctPtiral  galrattiuUwn  that  are  hereafter  to  be  ex- 
plained in  detail. 

In  making  a  detailed  comparison,  tfierefore,  between  the  effects  of 
electrization  and  the  effects  of  recognized  tonics — quinine,  iron,  strych- 
nine, physical  exercise,  sunlight,  cold  bathing,  etc.-^it  is  logically  neces- 
sary that  the  applications  should  be  so  given  that  the  whole  body 
should  be  bmught  under  the  direct  intioence  of  the  current,  just  as  it  ij 
brought  under  llie  influence  of  other  recogni/ed  tonics  as  ordinarily  ad- 
ministered. 

The  iniraediate  effects  of  an  application  of  general  faradizadon  and 
centra!  galvanizatiot)  arc  often  a  feeling  of  enlivenment  and  exhilaration, 
lirowsinesS}  temporary  relief  gf  pain,  and  increased  warmth  of  the  body. 
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LIKE  OTHER  STIMULATING  TONICS. 


The  aame  effL'cts  are  notably  observed  after  the  shower  bath,  a  tunibk 
in  the  surfj  a  brisk  walk  in  the  open  air,  or  from  ihe  admlrdsiracion  of 
alcohul. 

Like  ether  stitnulating  tonics,  general  faradi^adon  and  central  gal- 
vanisation, when  given  in  an  overdose,  or  in  too  great  strength  for  the 
constitution  of  the  patient  or  the  condition  of  tlie  system  at  the  time, 
may  be  followed  by  secondary  or  reactive  effects  that  are  both  dis- 
agreeable and  positively  alarming.  The  second  or  third  day  after  an 
injudicious  application,  the  patient,  especially  at  the  outset  of  treat- 
jiient.  may  experience  soreness  in  the  muscles,  an  indefinable  feeling  of 
nervous  exbausdon,  irregularity  of  pulse,  and  sometimes  exacerbation 
of  special  symptoms.  It  is  well  known  that  severe  physical  exercise 
will  produce  all  these  unpleasant  secondary  effects,  especially  in  pa- 
tients who  are  feeble  and  □naccustonied  to  muscular  exertion,  A  cold 
bath,  either  in  the  surf  or  at  home^  that  is  too  prolonged  may  give  rise 
to  all  these  symptoms  the  night  or  day  following.  Unpleasant  effecis 
may  secondarily  follow  an  overdose  of  our  ordinary  stimulants,  as 
alcohol,  or  from  internal  tonics,  as  iron,  qninine,  strychnine. 

The  permanent  effects  of  general  faradiiation  and  central  galvaniza- 
tion are  as  closely  analogous  to  those  which  come  from  other  Ionic 
remedies  and  systems  of  treatment  as  arc  the  immediate  and  second- 
ary effects. 

The  very  marked  permanent  effect  of  general  faradization  and  central 
galvanization  is  improvement  in  the  sJcep,  Physical  exercise — walk- 
ing, boating,  gymnasticSt  bowling— cold  bathing,  and  the  ordinary 
internal  tonics  do  the  same,  though  not  so  markedly  and  with  far  less 
uniformity. 

General  faradization  and  central  galvanization  also  permanently  im- 
prove the  appetite  and  digestive  capacity,  and  regulate  tlie  bowels. 
Improvement  in  the  various  operations  of  digestion  is  one  of  the  most 
uniform  ejfects  of  our  ordinary  tonics,  aud  it  is  for  that  purpose,  moro 
perhaps  than  for  any  other,  that  they  are  employed. 

Like  other  tonics,  general  faradization  and  central  galvanitatiot 
equalise  the  circu(ation+  This  effect,  when  jt  immediately  follows  an 
application,  is  nearly  the  temporary  excitement,  similar  to  what  fallows 
^  rapid  walk,  or  gymnastics,  or  alcoholic  stinnilantSj  and  soon  passes 
nway.  Bui  when  it  becomes  a  permanent  condition — when  die  patient 
feeU  Ies^l  annoyance  from  chilliness  and  cold  extremities— -it  is  a  result- 
ant of  the  improvement  in  nutrition. 

Like  other  ionic  n-easures — gymnastics,  active  games,  and  outdoor 
smiusements,  etc.,  etc— general  fiiradization  and  central  galvamzatiOD 
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c&use  the  inusck-s  to  ^icvclop  m  Jie  and  hardness,  4nd  sometimes, 
though  by  DO  means  uniformly,  produce  important  and  rapid  increase  in 
die  weight  of  ihc  body,  the  result  of  the  iraprovenient  in  niitiitian.  In- 
crease ir>  weight  is  faniiliarty  observed  after  a  trip  of  pleasure,  a  vaca* 
tion  in  the  countr)-,  a  voyage  by  sea,  and  very  frequently  indeed  from 
the  use  of  cod-liver  oil  and  strychnine.  General  faradization  some- 
limes  causes  ihc  patient  to  increase  in  weight  from  the  very  outset  of 
the  treatment,  and  to  an  extent  that  is  most  surprising. 

Like  other  tonics,  general  electrisation,  faradi^atinn  and  central 
galvanixation^  in  jhcir  ultimate  effects,  increase  the  disposition  and  the 
capacity  for  labor  of  the  brain  or  of  the  muscles.  This  is  indeed  the 
chief  end  to  which  all  tonic  treatment  is  directed,  inasmuch  as  dimin- 
ished capacity  for  labor  is  perhaps  the  condition  for  which  tonics  are 
most  frequently  advised,  and  it  does  not  usually  increase  ihe  cripacitj 
for  toil  until  it  has  first  improved  (he  sleep,  the  appetiiCi  the  digestion. 
The  sarae  is  true  of  many  other,  if  not  all,  tonic  remedies. 

Experience  shows  that  general  faradization  and  central  galvanization 
arc  usually  contmindicated  in  those  diseases  and  for  those  temperaments 
that  will  not  bear  any  of  the  intert^al  tonics.  We  find  almost  invariably 
thai  ilicy  must  be  used  most  cautiously,  and  meet  with  their  worst  failures 
in  cases  where  qiiiniiif,  strychnine,  iron  and  stmnilants  have  proved  to 
be  injurious. 

Whatever  difference  of  opijiion  there  may  be  concerning  the  ration- 
ale of  electrisation,  or  whatever  dispute  there  may  be  concerning  the 
use  and  the  meaning  of  the  words  stimulant^  sedative,  and  tonicj  the 
majurity  of  advanced  practical  electro-therapeutists  must  substantially 
endor^  the  emphatic  words  of  Prof.  Niemeyer ;  '* /f$  tht  consfanS  cur- 
rtfit  we  have  a  means  more  prnverful  than  any  oiktr  of  modifying  ikt 
ttntrHivt  conditions  of  par  fa  that  are  deeply  situated'*  * 

Ratmtale  of  £tectrizatim,^'VhG  stimulating,  the  sedative,  and  the 
tonic  effects  of  elecinj^ation  are  resultants  of  the  various  and  diverse  ac- 
cion  of  the  currents  on  ihe  tissues.  These  effects  have  been  deiined  as 
m(chani<af^  physical^  cafatyfic  (increase  of  circulation  and  absorption), 
tieftr&tonic  (modilicaiion  of  nerv^e),  etecirolytic  (electro  chemical  decom- 
position), ami  chemii'at.  The  mechanical  effects  are  more  markedly 
observed  from  the  faradic  current,  the  other  effects  from  the  galvanic. 
TTiese  terms,  consitlcred  as  explanation*  of  the  action  of  electrization, 
arc,  it  must  be  admitted,  quite  unsatisfactory,  since  they  arc  incapable 

•  Ttxi-Book  of  Praeticat  Medkinr  ;  Tnudbtion  of  Dn,  Uumphrcyi  and  Htdb 
ley,  voi  ii.,  p.  .90. 
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of  exact  and  complete  definition,  and  must,  to  a  certain  extent,  include 
each  other.  It  is  safe  to  say  that  we  know  as  much  of  the  ra/i  uale 
of  elcctri/aiion  oF  most  of  our  internal  remeUics,  (See  chapter  on 
(he  subject  in  Electro  Physiology.) 

Is  EIe€truity  Transfarmid  ini&  Nerve  F^cef — Nearly  all  of  the 
earlier  and  very  many  of  the  latter  experimenters  in  electro-therapeu- 
tics assumed  without  argiunciu,  that  electricity  was  identical  with  the 
nerve  force^  or,  at  least,  that  it  was  directly  transformed  into  it.  Although 
the  weight  of  evidence  is  at  pre^nl  decidedly  against  the  theory  of  the 
identity  of  those  forces  (see  ExptrimentsofHelmholtz),  yet  the  assump* 
tion  that  they  are  identical  or  can  be  directly  transformed  into  each 
other,  still  lingers.  The  taking  phrase,  **  Electricity  is  Life,"  is  con* 
stanily  used  as  the  war-cry  of  rival  instrument  makers,  and  as  the 
motto  of  travelling  charlatan*^  ou  the  street  corners  and  at  conntiy 
fairs.  Whatever  future  science  may  unfold,  we  are  now  forced  to  say 
that  not  only  is  there  no  evidence  that  electricity  is  identical  with  life, 
but  also  that  the  theory  that  electricity,  when  applied  ti>  the  body,  is  ever 
directly  transformed  into  nerve  force  has  few  if  any  facts  or  arguments 
in  itt.  favor.  That  the  body  can  be  charged  with  electricity,  and  thai 
the  normal  electricity  of  the  body  can  be  changed  in  character  is  clear 
enough;  but  it  docs  not  follow  that  such  changing  of  electrical  condi- 
tion has  any  direct  influence  on  the  quantity  or  quality  of  the  nervous 
force.  Whether  galvanic  or  faradic  electricity  charge  the  body  to  any 
extent  in  passing  through  it  may  rightly  be  doubled;  if  they  leave 
more  electricity  in  the  body  than  they  found  in  it,  it  must  be  by  virtue 
of  the  direct  intlnence  of  the  current  over  the  nutrition.  Electricity 
is  no  more  life  than  light  and  heat  are  life.  Like  light  and  heat  Et  may 
sustain  life,  not  by  direct  transformation,  but  indirectly  through  its  in- 
fluence over  nutrition.  VVhen  the  light  of  the  sun  falls  on  a  plant  or 
animal,  when  artificial  heat  is  applied  to  a  cold  and  paralyzed  limb^ 
growth  is  stimulated  and  nutrition  improved*  but  not,  so  far  as  can  yet  be 
demonstrated,  by  any  difECt  transforaiation  of  light  or  heat  into  nervous 
force.  Similarly,  also,  we  have  no  sufficient  evidence  as  yet  that  the 
varied  and  marv<_*llous  improvement  in  nutrition  that  follows  clectri/o- 
lion  is  the  result  of  anylhing  more  than  the  indirect  improvement  in 
ner\*ous  force,  which  ts  a  part  and  result  of  the  general  improvement  in 
nutrition. 

In  the  time  and  manner  of  their  development  the  tontc  effects  of 
general  faradization  and  central  galvanization  resemble  those  of  other 
tonir&  in  these  htfo  particulars. 

They  are  Dct'doped  Slmvly, — ^This  slowness  of  development  marks 
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1  nulical  dislinctioit  between  tonics  and  mere  stimulints.  The  agree- 
able ^liinuUting  effects  which  immediately  follow  an  appltcation  ol 
general  fai-adixntion  and  central  galvanization,  jtist  as  they  follow  the  use 
of  gyiJinastics,  walkiuar,  active  games,  etc.,  soon  pass  off  or  merge  into 
the  permanent  or  tonic  eiTects  (hat  come  more  or  less  slowly,  and 
after  repeated  treatment. 

2.  Thtyari  ofim  Dei^doptd  hng  after  ihe  Trtatmtnt  is  Abandmed.^ 
Wcefcs  and  months  after  a  p:U]ent  has  taken  a  course  of  general  treat 
ment  by  general  and  central  electrisation  he  may  continue  to  improve- 
in  his  general  condition,  even  though  very  little  progress  may  have 
been  made  while  the  applications  were  being  received.  Just  so  the 
tonic  effects  of  a  trip  by  land,  of  a  sea  voyage,  of  our  ordinary  simimer 
vacations,  are  sometimes  not  appreciated  until  after  we  have  returned 
home,  and  are  again  ftiTly  at  work. 

Why  were  twt  th£  TottU  Effects  of  EUctr  'tciiy  seontr  Disanitrfd  f — 
The  inqtiiry  now  very  naturally  arises,  why  it  is  that  the  important  fiin- 
(iamental  fad — that  electrization  is  a  powerful  means  of  improving 
niitrition,  and  capable  of  producing  effects  on  the  constitution  similar 
to  lliosc  which  are  familiarly  obtained  from  tl^e  tonics  in  every-day  use — 
has  escaped  the  observation  of  the  very  able  writers  who  in  different 
lands  have  devoted  themselves  to  electro  therapeutics,  until  wc  called 
lltcntinn  to  them. 

The  inquiry  is  thus  answered  r — 

I.  Because  most  of  the  recent  scientific  observers  whose  writings  are 
aiuhorities  in  electro  thera]>eutics  have  used  electricity  locally,  in  some 
form  of    hca!is€ii  ^iech'izatian.^* 

For  obvious  reasons,  that  have  already  been  presented,  hculittd eUe- 
triuitlon  jnust  prodnce  chiefly  local  effects,  which  aithnugh  they  are 
tmic  in  ihcir  character*  so  far  a*  they  go»  and  reveal  themselves  by 
ni.irked  improvement  in  the  local  nutrition,  would  not  ordinarily  sug- 
gest the  powerful  conslitntional  tonic  powers  of  which  electrimion  is 
capable  when  applied  all  over  the  body,  any  more  than  the  feeble 
effects  of  washing  the  hands  the  face,  or  the  feet,  or  any  singlemember 
or  organ,  would  suggest  or  give  any  iniimation  of  the  well  known  con- 
stitutional effects  of  surf-bathing  or  the  shower-bath. 

Indirect  constitutional  effects  result  from  localijted  electrizntion  of  the 
central  nervoiw  systenj,  and  especially  from  galvanization  of  the  brain, 
spine  and  cervical  s)'nipathctic,  althoughf  as  will  be  seen^  they  ore  not 
as  marked  as  those  which  follow  general  faradisation  and  central  gal* 
van)  nation. 

It  is  a  very  irteresting  and  significant  fact,  however^  that  since  the 
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introduction  into  medical  practice  of  the  methods  of  localizing  th< 
galvanic  current  in  the  nervous  centres  first  suggested  by  Remak,  elec- 
tro therapeutists  have  achieved  success  in  a  variety  of  diseases  asso- 
ciated with  debility  and  impaired  nutrition,  where  before  electrical 
treatment  was  supposed  not  to  be  indicated,  at  least  by  those  who  con- 
fined themselves  to  localized  electrization.*  A  suggestive  fact  relating 
to  this  subject  is  that  Gubler,  who  is  one  of  the  very  few  European 
writers  who  bad  used  faradization  in  such  a  way  as  to  directly  affect  the 
whole  system,  also  remarked  tonic  effects  in  conditions  of  debility,  even 
from  his  very  awkward  and  imperfect  method,} 

2.  Because  the  immediate  eflfects  of  electrization  are  so  markedly 
sfimttiating  as  to  suggest  the  idea  that  it  is  simply  and  oftfy  a  stimulant 
or  irritant.  In  some  of  the  cases  for  which  localized  electrization  are 
used  the  stimulant  are  the  effects  which  ztti  chiefly  desired.  But,  as 
has  already  been  shown,  many  of  our  ordinary  tonics  are  primarily 
stimulating,  and  so  much  so  that  they  have  been  classed  as  stimulalmg 
tonics. 

There  is  little  question  that  if  many  tonics  in  ordinary  use,  had 
been  used  only  locally,  as  electricity  has  been  used,  they  might  have 
been  regarded  merely  as  stimulants. 

3,  l^ecause  until  quite  recently  most  of  the  recogni/ed  authorities 
and  writers  on  electro-therapeutics  of  modern  days  have  not  used 
electricity  in  those  diseases  and  morbid  conditions  where  tonics,  par 
^jr^fZ/ffl^^,  were  demanded.  They  have  used  the  agent  mainly  with  a 
view  to  stimulating  effects,  and  in  some  form  of  localized  electrization. 
On  this  principle  they  have  treated  paralysis,  rheumatism,  neuralgia, 
etc.  As  we  shall  demonstrate  hereafter,  besides  those  diseases  in 
which  the  efficacy  of  localized  electrization  is  fully  estabhshed,  the 
morbid  conditions  and  symptoms  for  which  electrization  is  most  rapidly 
and  permanently  sticcessfult  are  precisely  those  in  which  we  use  our 
ordinary  tonics — such  as  dyspepsia,  nervous  exhaustion,  insomnia, 
hypochondriasis,  hysteria,  general  neuralgia,  chorea,  spinal  irritation, 
and  some  forms  of  paralysis  dependent  on  or  associated  with  general 
debility. 

Furthermore,  in  prosecuting  this  inquiry  we  must  not  overlook  two 
important  historical  facts ; — 

I.  In  the  latter  part  of  the  last  and  early  part  of  the  present 

•  ViJe  the  writings  of  Rcmak^  Meyer>  Benedikt,  Nlemcyer. 

f  De  I'ElectruEitioti  g^nt^fELle  cotmder^e  comme  agent  conlque  et  sttmulftnt  dlf 
fusible.  Sulliitn  Tkerapeutiqut^  D^ccmbre,  )S6j.  (For  descripUoa  of  tiif 
iiicth(Kl,  see  p.  246^) 
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century  franklinic  electricity  and  the  current  of  the  voltaic  pile  were 
used  for  a  variety  of  diseases  for  which  we  now  use  tonics,  and  often- 
tmies  with  some  success.  But  the  agent  was  used  mostly  empirically, 
without  any  definite  idea  of  its  nature  or  the  rationale  of  its  operation. 
Partly  on  account  of  the  inconstancy  and  uncertainty  of  the  voltaic 
pile,  and  partly  on  account  of  the  many  failures  that  were  necessarily 
inevitable  with  such  poor  apparatus  and  desultory  experience,  partly 
also  as  a  reaction  from  the  extravagant  hopes  and  promises  of  the 
earlier  experimenters,  this  system  of  treatment  soon  fell  into  disrepute. 

2.  Tonic  effects  have  been  obtained  from  various  methods  of  em- 
ploying electricity  by  non-professional  men — charlatans  and  outsiders 
— in  the  United  States  at  least,  for  many  years,  although  very  few  of 
them  have  krown  or  suspected  the  nature  of  the  agent  they  dealt 
withy  or  of  the  diseases  they  have  treated. 


CHAPTER  IIL 

OBNERAL  3UGCXSTI0NS  IN  RB3ARD  TO  THE  USB  OF  ELBCTRICITV 
AS  A  THERAPEUTIC  AGENT. 

Before  describing  in  detail  the  different  methods  of  using  eleo 

tricity,  it  may  be  well  to  offer  some  suggestions  of  a  general 
character  that  will  apply  to  all  the  different  methods  of  electrization, 
localized  and  general,  with  the  faradic  and  with  the  galvanic  currents. 
It  is  of  the  first  importance  that  those  who  are  beginning  to  study  and 
practice  electro- therapeutics  should  have  correct  notions  not  only  of 
the  general  therapeutical  action  of  electricity — the  principle  on  which 
it  Is  used — ^but,  also,  of  the  general  laws  of  its  application.  Such 
knowledge  fits  one  to  intelligently  study  the  special  methods  of  appli- 
cation, and  the  treatment  of  the  various  diseases.  A  want  of  this  knowl- 
edge is  a  constant  hindrance,  and  not  unfrequently  utterly  discourages 
the  beginner  in  this  science. 

General  Indications  for  the  Medical  use  of  Electricity. — An  error 
that  appears  prominently  in  nearly  all  the  works  on  medical  electricity, 
and  one  that  seriously  interferes  with  the  progress  of  healthy  and  philo- 
sophic electro  therapeutics,  is  the  habit  of  treating  the  name  of  the 
disease  rather  tiian  tlic  condition  of  the  system  of  which  the  symptoms 
arc  the  result  and  expression.  Men  ask  whether  electricity  is  good  for 
this  disease  or  that  disease  without  any  well-defined  idea  of  the  position 
that  this  powerful  agent  occupies  in  the  armory  of  therapeutics.  It  should 
be  understood  that  electricity  is  a  powerful  stimulating  sedative  tonic,  and 
as  such  is  indicated  in  any  subacute  or  chronic  disease,  where  stimulat- 
ing, sedative  or  tonic  effects  are  indicated,  and  without  reference  to  the 
name  of  the  di^^case  by  which  the  condition  expresses  itself  With  this 
general  principle  before  us,  wo  cease  to  wonder  that  electricity  is  used 
and  reconnnended  in  such  a  wide  variety  of  diseases,  many  of  them  of 
an  apparently  opposite  character,  and  we  see  the  injustice  of  that 
criticism  which  coiidemns  electricity  because  it  is  good  for  so  many 
different  affections.    Just  as  quinine,  which  i&  not  a  specific  for  any 
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difteiisc — unless  il  be  chills  and  fever — is  yet  userl  freely  a  tonic  in 
an  imlt'fiivite  number  of  diseases  where  tonic  effects  are  required,  so 
electricity,  which  is  not  a  specific  for  any  one  disease,  is  yet  used  with 
good  results  in  any  iiumbef  of  disenfies  where  local  or  general  nutrition 
is  impaired  and  needs  lo  be  ini]>roved.  The  indications  for  the  use  of 
electricity  are  wider  than  the  indications  for  the  use  of  quininej  for 
the  threefold  reason  that  it  has  a  |>owerful  sedative  action  which 
quinine,  or  indeed  any  other  single  tonic  remedy  does  not  have  ; 
that  its  stimulant  and  tonic  effects  are  more  decided}  and  that  its 
effects,  sedative-^  stimulating  or  lontc,  can  be  confined  mainly  to  certain 
organ^r  nerves  or  muscles,  or  be  distributed  through  the  whole  body^  as 
may  be  iliought  necessary.  AVIien  the  propriety  of  using  electricity  in 
any  medical  case  is  discussed,  the  first  questions  to  be  answered  are : 
I.  Is  there  any  pain  to  be  relieved  ? 

a.  Is  there  any  need  and  chance  for  improvcDient  in  local  or  general 
nutrition  ? 

If  these  questions  can  be  answered  in  the  affirmative!  then  electricity 
in  some  raode  of  application  may  be  administered.  Tlie  result  of  the 
ircalment  will  depend  on  the  skill  with  which  it  is  conducted,  on  the  nature 
of  the  lesion  and  length  of  time  that  it  has  existed,  and  on  liie  agree- 
menl  or  disagreement  of  the  temperament  of  the  patient  with  elec- 
tricity, 

Sia^e  of  Disease  when  Ehciricai  Trmiment  is  //tf/i^aieti.^Kiectncity  is 
indicated  mainly  for  subacute  and  chronic  diseases ;  atleast  the  best  results 
that  come  from  the  use  of  this  rcnredy  have  thus  far  not  been  obtained  in 
the  acute  stages  of  disease.  And  yet  there  is  no  question  that  in  the 
acute  stages  of  rheumatism  faradization  is  of  value,  and  there  is  reason 
lo  believe  that  future  exiierin)enls  will  show  that  relief  of  pain,  of 
slcejilc&sness,  and  of  general  nervousness — with  perhaps  permanent 
benefit — may  be  c)btained  in  the  active  stages  of  febrile  and  inllamniatory 
affections.  The  chief  theoretical  objeciion  to  the  employment  of 
electricity  in  acute  diseases  h  the  fact  that  the  tonic  effects  of 
electrical  treatment  require  so  much  time  that  any  disease  that  runs 
but  a  limited  period  will  not  be  able  to  appreciate  them.  This  objec- 
tion does  not,  however*  npjjly  to  the  srtnmlating  or  sedative  effects  : 
these  can  be  iVh  instantaneously  orwithin  a  few  hours  after  an  application. 
Electricity  is  certainly  one  of  tlic  most  |>otent  of  sedatives,  and  in 
very  many  acute  affections  sedatives  are  constatitiy  indicated. 

The  old  notion  that  electricity  was  merely  a  stinudant  aided  in  forming 
in  the  professional  mind  another  very  gross  error,  that  in  active  inflam 
□lationi  electricity  is  contra-indicated.     Experience  proves  every  day 
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thai  the  sedative  effects  of  e.ectricity  are  exceedingly  grateful  in  ever. 
Uie  acute  stages  of  sprains  and  diseased  joints. 

The  dogma  that  in  hemiplegia  from  cerebral  effusion  it  is  better  tc 
«*ait  for  several  months  until  all  the  active  iititatioo  has  subsided, 
before  beginning  electrical  treauuent— which  error  is  yet  iruLiitained  \jy 
many  of  the  ablest  writers  oo  medical  electricity^ — look  its  origin  in 
the  erroneous  conccptioa  of  the  position  of  electricity  in  the  materia 
medica. 

It  is  difficult  to  conceive  of  any  actively  inflamed  or  febrile  state, 
where  electricity,  in  the  hands  of  one  who  knows  how  to  use  without 
abusing  it,  may  not  be  used  without  injury  even  if  it  does  no  good. 

Diffcretttial  Ac! ion  of  ihc  Folfs,  ami  of  the  Ascending  art  J  descending 
CurritUs. — This  is  a  subject  on  which  much  has  been  thought  and  writ- 
ten, and  concerning  which  opinions  have  been  expressed  with  an 
absoluteness  not  justi^ed  by  experience.  Almost  the  iirst  question  that 
the  beginner  in  eleclro-therapeuUcs  asks,  is,  **  Which  pole  shall  I  use?" 
as  though  that  were  the  fundamental  problem  to  be  solved.  Another 
question  tliat  is  put  in  almost  the  same  breath  is,  *'  Shall  the  current 
be  ascending  or  descending  ?" 

These  queries  seem  to  the  novice  to  be  of  supereminent  importance, 
and  he  is  annoyed  tliat  his  instructor  or  text-book  does  not  lay  down 
such  positive  rules  on  the  subject  as  to  set  his  doubts  at  rest  forcverv  In 
after  years,  when  he  shall  have  had  much  experience,  he  ^yill  Searn  these 
two  facts:  Firsts  that  the  quesdon,  which  pole  or  which  direction  of  the 
current  to  use  in  any  given  case,  is  one  of  various  complexity,  atid  can- 
not always  be  solved  by  a  dictum.  Secondly,  be  will  learn  that  the  prac- 
tical therapeutical  difference  in  the  action  of  the  pole  or  of  the  ascend- 
ing and  descending  currents,  is  much  less  demonstrable  than  he  suj*- 
posed,  and  that  llie  special  directions  for  each  disease  are  not  at  hand. 

The  difl'ereuce  of  the  physiological  action  of  die  poles  of  the  galvanic 
curient,  when  applied  to  the  body,  is,  as  we  have  shown  under  electro- 
physiologyt  of  a  radical  character.  It  has  specially  been  shown  that 
the  aneiectrotonic  ti^gvQ^  at  the  positive  pole  is  Sn  a  condition  of  dimin- 
ished, while  the  cateleeirof&nic  region  near  the  negative  pole  is  in  a 
condition  of  increaiied  irritability.  Moreover,  it  is  easy  of  demonstra- 
tion that  the  negative  pole  of  both  currents  is  more  painful  than  the 
positive,  and  this  fact,  as  we  have  seen,  enables  us  to  distinguish  the 
poles  in  cases  of  doubt,  or  when  we  do  not  understand  the  construc- 
tion of  the  battery,  StiU  further  we  have  seen  that  on  the  ner\es  of 
special  senses — notably  on  the  optic  and  auditory  nerves — the  polei 
have  a  differential  action  of  a  specific  f  nd  demonstrable  character. 
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When  now  we  leave  physiology  and  enter  into  the  complex  realm 
cf  thcrapenticSr  we  find  that  it  is  usually  better  that  irritable  i>arts  of 
the  surface  of  the  body  shouUi  lie  treated  mainly  by  the  positive  pole 
This  relative  position  of  ihe  electrodes  is  not  usually  departed  from  in 
general  faradization  and  central  ga  vanization,  for  the  reason  that  the 
majority  of  cases  that  require  these  methods  of  treatment  are  abnor- 
mally irritable. 

The  negative  pole,  being  more  irritating  than  the  positive,  is  indicated 
when  it  k  desired  to  cause  contraction  in  a  paralyzed  muscte,  and  the 
difference  between  the  poles  in  producing  muscular  conlraction  is  chief- 
ly a  difference  Q^degree  only,  since  both  poles  cause  contraction  when 
placed  on  the  body  of  a  muscle  or  over  its  motor  point,  but  with  the 
&ame  strength  of  current  a  more  vigorous  contraction  be  produced 
by  the  negative  than  by  the  positive  pole* 

In  regard  to  the  dtHerential  action  of  the  ascending  and  descending 
currents  there  has  been  an  almost  infinite  amotmt  of  shallow  observation 
and  impijisive  writing  ;  for  how  the  difFerential  therapeutical  6t  differ- 
ential physiological  action  of  the  ascending  and  descending  currents  is 
to  be  rightly  discriminnUd  ffom  the  aefion  of  the  poles  we  cannot  well 
understand. 

The  object  of  applying  electricity  to  the  body  in  disease  is  to  im- 
frm^e  nniritim^  and  nutrition  is  a  process  of  infinite  complexity;  in- 
deed* the  most  complex  and  most  mysterious  of  all  the  wondrous  pro* 
C^es  of  nature.  He  who  solves  it  will  become  inimortal,  both  as 
the  greatest  scientist  and  the  greatest  theologian  of  history,  leaving 
Ncwion  and  Calvin  far  behind.  The  relief  of  pain,  the  reduction  of 
lumorSt  the  Increase  in  si/e  of  muscles — all  these  everyday  results  of 
clectrizatlf.'n  are  signs  of  imjirovement  in  nutrition,  and  it  is  impossible 
to  exhaiT^'ively  explain  ihem  by  anything  we  now  know  of  electro-phy- 
siology. Any  man  who  attempts  to  base  all  his  electro-lherapeutical 
procediires  On  the  laws  of  cleclrotODOS  will  find  himself  involved  in  com- 
plications that  have  no  end. 

The  one  practical  rule  in  regard  to  the  poles,  which  wc  have  arrived 
fttj  is  that  the  positive  poh  is  the  less  irriftt/in,^.  In  accordance  with  this 
rule  we  place  the  negative  pole  at  the  feet  or  coccyx  in  general  faradi- 
Mtion,  and  at  the  pit  of  the  stomach  in  central  galvanization,  so  that 
the  head,  neck,  and  spine,  and  other  sensitive  parts  affected  may  be 
under  the  influence  of  the  positive  pole. 

That  differential  effects — physiological  and  therapeutical — may  arise 
firom  a  difference  of  current  direction  is  not  at  all  improbable— ccr- 
isdnly  no  one  can  well  pro^  e  the  negative — but  we  see  no  way  of 
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demonstrating  such  differential  effect.  In  every  attempt  that  we  n^c 
the  difierential  polar  effect  *  comes  in  to  complicate,  and  in  oui 
judgment,  to  override  any  differential  effect  there  may  be  in  cun«nt 
direction.  Take  the  familiar  experiment  :  an  electrode  in  each  hand ; 
in  one  arm  the  current  will  be  ascending,  in  the  other  descending. 
If  now  one  arm  were  differently  affected  from  the  other,  have  we  any 
right  to  rush  to  the  conclusion  that  such  differential  effect  is  due  to  the 
fact,  that  in  one  arm  the  current  is  ascending,  in  the  other  descending? 
Is  it  not  far  more  piobable  that  such  differential  effect  is  due  to  the 
fact  that  the  positive  pole  is  in  one  hand  and  the  negative  in  the  other? 
The  differential  effect  of  the  poles  can  be  demonstrated  m  varioul 
ways,  and  our  knowledge  of  it  influences  our  practice ;  the  differential 
effect  of  current  direction,  if  it  be  not  entirely  a  myth,  is  to  say  the 
least  undemonstrated. 

Take  again,  for  illustration,  the  method  of  galvanizing  the  spine.  If 
the  negative  pole  be  placed  at  the  nape  of  the  neck,  and  the  positive  at 
the  lower  end  of  the  spine,  the  current  is  ascending,  and  it*  a  certain 
effect  is  produced,  or  believed  to  be  produced,  such  effect  is  attributed 
to  the  fact  that  the  current  is  ascending.  The  upper  pari  of  the  cord 
is  under  the  influence  of  the  negative  pole,  and  the  lowet  part  of  the 
cord  is  under  the  influence  of  the  positive  i}olc,  and  what  evidence  is 
there  that  there  is  any  differential  action  of  current  direction  aside  from 
the  differential  polar  action  ?  ^ 

Similar  difficulties  beset  us  when  we  ])lace  one  pole,  say  the  negative, 
on  sonic  indifferent  point,  as  the  feel,  or  ihigh,  and  pass  the  positive 
up  and  down  the  spine.  Have  we  any  rij^ht  to  dttribute  the  effect  pro- 
duced to  the  fact  that  the  current  is  descending,  when  we  know  that  the 
positive  pole  has  a  ver)'  different  physical,  physiological  and  therapeuti- 
cal effect  from  the  negative  pole,  without  any  regard  to  current  direc- 
tion, while  we,  as  yet,  do  not  know  that  the  ascending  current  has  a 
different  effect  from  the  descending  current,  without  any  regard  to  the 
difterential  polar  effect.  One  thing  i.-j  clear  and  indisputable,  and  that 
is  that  the  differential  effect  of  current  direction,  assuming  that  it 
exists,  is  largely  overborne  by  the  differential  polar  eftect.  This  is  true 
of  both  currents.  A  crucial  experiment  for  determining  the  (juestion  of 
the  differential  action  of  the  ascending  and  descending  cunents,  would 
bo  to  experiment  on  a  piece  of  nerve  in  a  physiological  condition,  all 
parts  of  wiiich  give  the  same  response  to  electrical  excitation,  and  are 
known  to  have  the  same  function. 

If  such  a  nerve-piece  could  be  supi)osed,  and  if  the  positive  pole 
could  be  placed  on  tlie  middle  of  it,  and  the  negative  \  ilc  at  the  peri 
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pheral  end,  vc  should  have  a  descending  current ;  thr  p&sUivc  jioW  re- 
maining at  the  raidJle  and  the  negative  fransferred  to  tJie  centra!  end 
of  (he  nerve,  woiiid  give  the  a-^cendii^g  citnent.  If  noiy  the  effect  aftej 
these  procedures  should  be  different,  the  strength  of  current,  pressure 
employed,  and  lime  of  stimulation  being  the  same,  and  if  the  effect  of 
previous  stimulaiion  coidd  be  eliminated  before  ihe  second  part  of  the 
expcjtinent  is  made,  we  should  have  a  concUisive  demonstration  of  the 
differential  physiological  effect  of  tbe  current  direction.  But  such  an 
experiment  is  ideal,  and  the  compHcations  are  loo  great  for  science  al 
present  to  make  it  actual.  In  all  ]>hysiologtcal  experiments  of  this  kind 
differential  polar  effect  complicates,  if  ic  does  not  neutralize,  the  dif* 
fcrential  cJfcct  of  current  direction. 

In  therapeutics,  the  complications  of  the  subject  are  aU  the  greater^ 
because  all  the  statements  that  have  been  and  are  made  in  regard  tc 
the  advantages  or  disadvantages  of  the  ascending  or  descending  cur- 
rent in  this  or  that  direction  are  of  little  worth. 

The  practical  rules  on  this  subject  to  vvhich  experience,  enlightened 
and  fortified  by  physics,  physiology,  and  pathology,  have  led  us,  may  be 
thus  recapitulated 

I,  The  sttnuilating^  sedative  and  tonic  effects  of  electricity,  faradic 
and  galvanic^  are  obtained  by  either  pole,  or  by  both  combined  or  in 
alternation,  the  difference  in  their  therapeutical  action  being  merely 
a  difference  of  degree. 

J.  In  cases  where  the  sedative  effects  are  more  indicated  than  the 
atintulaiing  effects,  the  positive  pole  is  preferable  to  the  negative,  since  it 
is  loss  irritaiiiigf  and  with  the  uninterrupted  galvanic  current,  produces 
catclectrotono^  or  a  condition  of  diminished  irritability. 

In  the  great  majority  of  the  nervous  cases,  where  general  faradization 
or  central  ffalvanizaiion  are  used,  sedation  is  more  needed  than  sttmula- 
tioTi ;  hence  the  general  rule  to  use  the  positive  jiole  in  these  methods. 

3.  In  cases  «  here  the  stimulating  effects  are  more  indicated  than  the 
tedalive  effects,  the  negative  pole  is  preferable  to  the  positive,  since 
it  is  more  irritating,  and  with  the  galvanic  current  produces  cat- 
riectrotonos,  or  increased  irritability- 

For  those  temperaments,  now  and  then  met  with,  that  are  exceeding!) 
tolerant  of  eleclriciiy,  who  can  bear  it  in  any  doses,  however  given,  and 
for  case*  of  local  or  general  anaesthesia  and  paralysis  of  motion,  whatevet 
may  be  the  pathological  cause,  stimulation  is  more  needed  ihan  sedation  * 
hence  it  is  an  advantage  in  such  cases  to  use  the  negative  pole,  and  in 
some  case*  *'  voltaic  alternatives/'  which  are  more  irritating  than  eitbcf 
|iole  when  used  alone. 
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ftiai^ijuich  as  we  cannot  tell  the  degree  of  electro'susceptivity  in 
ft  patient  until  we  have  tested  it,  it  is  well  always  to  begin  general 
faratlijiation  and  central  galvanization  with  the  positive  pole.  This  nile 
is  especially  important  in  the  United  States,  where  the  majority  of  oui 
(xatients  of  both  sexes  are  susceptible  ?.nd  nervous  and  require  sedation 
more  than  stin^tilation, 

Bcih  thi  Seat  of  the  Disease  and  the  Effects  of  the  Disease  (a  be 
TrecUid. — The  query  whether  in  localized  electrization  we  should  direct 
the  treatment  mainly  to  the  seat  of  the  disease — the  patliological  lesioHy 
or  to  the  seat  of  the  prominent  symptoms~X\\t  effects  of  the  lesion — has 
given  rise  to  some  discussion. 

It  sounds  very  practical  to  advise  the  treatment  of  the  symptoms 
without  regard  to  the  seat  of  the  lesion.  It  sounds  very  scientific  to 
claim  that  the  electricity  should  be  confined  to  the  exact  seat  of  the 
disease.  Now  the  wise  physician  is  both  scienitfic  and  practical,  and 
keeping  clearly  before  the  mind  this  central  thought,  that  the  leading 
action  of  electricity  is  that  of  a  stniuilating  tonic  with  a  powerful 
sedative  influence^  we  can  readily  discern  the  truth  on  this  subject. 
Both  the  seat  of  the  disease  and  the  seat  of  the  syniptotn  should 
treated,  for  in  both  there  is  need  of  improvement  in  nutrition-  In 
this  view  cominon  sense  and  experience  accord*  In  hemiplegia,  for  a 
typical  example,  the  lesion,  the  seat  of  the  disease,  is  in  the  brain, 
while  the  leading  symptom  is  in  one-half  of  the  body,  which  is  para- 
lyzed.  The  muscles  of  that  side  become  atrophied,  and  the  nerves 
become  anaesthetic.  To  restrict  the  electrization  to  the  brain,  and  to  thai 
side  of  it  \¥here  the  lesion  is  or  is  supposed  to  be,  is  so  imposing  and 
scientific  in  theory  that  electro  therapeutists  of  limited  experience 
might  advise  this  treatment  exclusively.  To  purify  the  stream^  first 
purify  the  fountain.  Lay  the  axe  at  the  root  of  the  tree.  All  these 
analogies  are  beautiful,  but  they  are  fallacious.  The  symptoms  of  the 
disease  wiil  not  disappear  when  the  disease  disappears.  The  effects 
remain  after  the  clot  is  absorbed.  In  the  larger  number  the  half  of 
the  body  is  as  much  the  seat  of  the  disease  as  the  brain ;  for  the 
several  parts  of  this  human  machinery  are  all  members  one  of  another, 
When  one  suffers  all  suffer.  To  confine  the  treatment  to  the  p:iralyzed 
muscles  is  also  irrational,  although  the  purely  peripheral  treatment  is 
far  more  successful  than  purely  central.  If  we  are  to  be  exchisive  and 
one-sided  and  theoretical  in  our  treatment,  it  is  better  to  exclusively' 
treat  what  are  called  the  symiitoms  or  effects  of  the  disease,  and  to 
neglect  the  brain  altogether.  But  it  is  the  part  of  the  higher  wisdom 
to  use  both  methods— central  an  J  peripheral,  to  attack  )he  seat  of  the 
lesion  and  the  seat  of  the  sympton. 
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The  most  saiisfactory  results  in  hemiplegia  come  from  a  coi.ibination 
of  peripheral  and  central  treatment.  Similarly  with  diseases  of  the 
«pinal  cord,  as  coDgestion^  sclerosis,  resulting  in  paralysis  of  motion 
or  sensation.  Purely  central  treatment — galvanization  of  the  spinal 
cord — is  not  sufticiont ;  the  symptom  also,  tiie  paralysis,  must  be 
treated  directly  in  the  muscles  and  nerves  where  it  is  most  prominent. 
In  diseases  of  the  spinal  cord^  treatment  confined  to  the  seat  of  the 
disease  does  more  good  than  in  diseases  of  the  btain^  for  the  reason 
that  the  cord  is  more  accessible  to  the  current,  its  surface  being  mor« 
expo^dr  as  il  were,  throughout  its  emire  length.  But  those  whc 
content  dieinselvcs  with  treating  diseases  of  the  cord  by  simple  galvani- 
zation, to  ihc  exclusion  of  peripheral  treatment,  make  a  grave  mistake  ; 
Ihey  fail  where  they  o;ight  to  succeed,  and  they  succeed  only  in  a  small 
percentage  when  a  large  percentage  was  possible.  Cases  of  ataxia, 
as  well  as  of  motor-paralysis  need  peripheral  treatment  with  the  moist 
sponge  or  wire  brush,  or  both,  as  well  as  galvam'zation  of  die  spine. 
On  the  same  principle  our  method  of  central  galvanization  is  some- 
limes  more  effective  in  diseases  of  the  cord  and  brain  than  localized 
galvanization  of  these  parts,  as  usually  practised.  In  neuralgia  also* 
where  the  seat  of  the  disease  is  in  the  nerve-centres,  the  application 
should  be  made  both  to  the  tender  and  painful  points,  as  well  as  over  the 
root  of  the  ne^ve^  and  a  very  good  method  of  application  is  to  place 
one  T»olc  over  the  origin  of  the  painful  nerve,  as  near  as  possible^  and 
the  other  over  the  tender  point  and  along  the  whole  course  of  the 
nerve.  Frequently  neuralgia,  as  we  shall  see,  yields  to  our  method  of 
central  galvanization — where  not  only  the  painful  and  diseased  parts,  but 
also  the  whole  central  nervous  system,  whether  healthy  or  not,  is  treated, 
— when  it  does  not  yield,  at  least  as  rapidly  or  ds  surely,  Co  local  appli- 
calions  either  central  or  penpherab  , 

H^iUhy  parts  may  be  hetufited  by  EUctrizaiwn. — There  is  a  kind  of 
unconscious  idea  abroad  among  electro-therapeutists  that  in  applying 
clectncity  to  the  body  it  is  necessary  to  avoid  acting  on  healthy  parts> 
and  that  the  direct  effects  of  the  current  should,  so  far  as  possible,  be 
confined  to  the  part  that  is  supp<ned  to  be  in  a  diseased  condition. 
This  erroneous  doctrine  lakes  its  origin,  firsts  in  the  leaching  of 
Duchennc  and  other  advocates  of  localized  electrization,  a.nd,  stcmd!y^ 
in  the  narrow  and  incorrect  idcffs  of  the  general  physiological  and  thera- 
peutical action  uf  electricity. 

Duchennc,  by  embodying  the  term  "  localized  "  in  the  title  of  his  work, 
has  done  much  to  popularize  in  the  profession  the  notion  that  in  elec- 
trical applications  the  aim  should  be  to  concentrate  the  current  on  ihc 
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part  where  it  is  supposed  to  be  needed,  and  to  avoid  aftecting  othei 
parts. 

The  idea  that  electricity  is  a  mere  stimulus,  suid  only  valuable  as  « 
means  of  exciting  paralyzed  muscles  or  waking  up  dormant  nerves, 
would  very  naturally  lead  to  the  adoption  of  the  view  that  it  should  bs 
used  only  in  those  parts  that  are  in  need  of  stimulation,  and  that 
healthy  parts  would  be  injured  by  it.  The  false  ideas  that  have  pre- 
vailed in  regard  to  effect  of  stimuli,  which  we  have  elsewhere  discussed, 
have  tended  to  increase  this  absurd  dread  of  applying  electricity  to 
healthy  parts.  A  little  common  sense  applied  to  this  subject  may  per- 
haps help  us  to  find  the  truth  without  great  difficulty. 

First  of  all,  we  must  bear  in  mind  always  that  the  doctrine  taught  by 
the  European  writers,  that  electricity  is  a  stimulus  merely,  is  narrow 
and  erroneous.  Electricity,  applied  to  the  body,  acts  as  a  stimulating 
tonic  with  a  powerful  sedative  influence.  Then,  again,  stimulants  are 
something  more  than  mere  goads  or  spurs  ;  they  correct  and  intensify 
the  forces  of  the  body,  and  may  be  useful  and  as  necessary  in  conditions 
that  we  call  healthy  as  in  those  that  we  call  unhealthy.  Stimulants 
tonics,  and  sedatives  are  called  for  every  day,  and  are  every  day  cm- 
ployed  by  nearly  every  member  of  the  human  race,  young  or  old,  sick 
or  well.* 

Still  further,  pathology  is  not  so  nuich  a  special  and  separate  condi- 
tion as  a  degree  of  the  normal  condition  of  health.  No  one  can  tell 
just  where  physiology  ends  and  pathology  begins.  Reasoning  from  all 
these  considerations,  it  is  clear  not  only  that  electricity  need  not  be 
confined  to  diseased  parts,  but  that  the  parts  that  we  call  healthy  may 
be  benefited  by  it  just  as  truly  as  those  th^t  we  believe  to  be  un- 
healthy, and  the  benefit  they  receive  may  react  favorably  on  the  dis- 
eased parts,  and  thus  aid  the  treatment. 

These  views  are  enforced  by  analogy.  Very  few  of  our  stimulating 
tonic  or  sedative  remedies  are  limited  in  their  action  to  parts  that  are 
diseased.  The  medicines  that  we  give  by  the  mouth  or  by  the  syringe 
go  whither  they  please,  and  if  they  sensibly  affect  some  diseased  organ, 
it  is  not  because  tlieir  action  is  confined  to  that  organ,  but  beriuse  that 
organ,  on  account  of  its  readier  operation  or  of  its  disease,  is  more  sensi- 
tive than  other  parts  to  the  influence  of  remedies.  Alcohol  or  opium  go 
to  the  brain,  lead  affects  the  exterior  muscles  of  the  forearm,  and  the 
intluence  of  chlorate  of  potash  is  quickly  felt  in  the  mucous  membrane 

*  Tins  lubject  is  discu^l  in  detail  in  Dr.  Bearr'*8  work  on  "Stimulants  and 
Narcotics," 
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of  the  mouth  ;  but  none  of  these  remedies  restrict  themselves  to  ihtf 
pdrls  lhat  arc  the  most  |>erc*;piibly  affected  by  them. 

indei.-d*  the  fact  that  our  most  valued  medicines  Xre  used  for  such  a 
variety  of  local  and  gencml  affecuons  shows  that  their  e6fcctsarc  not  coo 
dneil  to  -st;|>aratc  parts  of  the  bixly  to  the  extent  that  ha^  been  supposed, 

Klectricity  can  be  localUetl,  in  cases  where  it  h  desirable  to  do 
better  than  alnio^vt  any  other  remedy,  and  yet  the  most  careful  and  sue- 
ccssful  lociillzalion  of  the  current  is  more  or  less  imperfect.  The  re- 
Ilex  ciTec*  of  ek'cmzation  that  always  complicates  the  direct  effects, 
and  uhich  are  sometimes  of  more  value  than  the  direct  effects,  cannot 
be  avoided.  Then,  again,  the  branch  currents,  which,  as  we  have 
seen,  move  in  uiidul.itions  not  only  directly  between  the  electrodes,  but 
at  a  considerable  distance  on  either  side  of  the  median  line  between 
tfaem,  will  l>e  likely,  in  nearly  all  forms  of  application,  to  touch  healthy 
parts  that  do  not  stand  in  especial  need  of  treatment.  The  most  com- 
pute form  of  localized  electrization  is  electrolysis  when  the  needles  are 
placed  close  together,  but  even  here  the  reflfx  elfect  is  most  powerful, 
and  operates  with  a  mild  as  well  as  with  a  strong  current. 

Hut  fortunately  it  is  never  necessary  to  localize  electricity,  in  the 
itrict  st'tise  of  the  term.  It  is  sonicCiiiies  necessary,  however,  to  avoid 
producing  too  strong  reflex  effects,  and  in  ajjplicalioni  near  sensitive 
parts  the  i>ossihiltty  that  the  branch  currents,  if  powerful  currents  are 
uscil,  may  over  irritate,  should  ever  be  borne  in  mind.  Experiment  and 
€t;ierience  show  that  healthy  animals  and  men  can  be  electrized  with 
benefit  all  over  the  body,  or  in  any  part  of  it.  In  applying  electricity 
to  any  part  of  the  body  we  improve  the  nutrition  of  that  part ;  in  ap- 
plying tlectricity  to  the  whole  body  we  improve  the  nutrition  of  the 
whole  hotly,  or,  at  least,  of  those  parts  which  are  directly  or  indirectly 
influenced  by  the  current.  Faradisation  of  a  healthy  muscle  make* 
it  grow  faster  than  it  would  grow  without  faratliiaiion  ;  in  other  words, 
it  produces  the  same  effect  that  it  would  if  the  muscle  were  paralysed. 
When  a  part  is  in  a  pathological  condition^ — when,  for  example,  a 
muicle  is  atrrophied — any  improvement  in  nutrition  under  electri?atioo 
is  more  qttickly  observed,  and  is  probably  more  rapid  and  important 
than  when  ihe  same  muscle  is  treated  in  a  physiological  condition; 
but  the  improvement  of  the  healthy  muscle  is  none  the  less  real, 
though  it  may  be  relatively  less  important  than  in  the  diseased  muscle. 

The  tonic  effects  of  general  faradisation  and  of  central  galvanuatiori, 
and,  indeed,  of  many  forms  of  localizvrd  electrization  are  due  to  th« 
direct  or  inrlirect  action  of  the  current,  on  parts  which  arc  more  or  less 
healthy,  or  which,  to  i>ay  the  leastj  are  not  iti  any  recognl.able  patho 
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logical  state.  The  objecllon  sometimes  brought  against  these  method; 
that  they  do  thus  afftct  healthy  parts,  simply  attempts  to  prove  too 
much.  The  same  argument  would  banish  all*  or  nearly  alt  our  stimu 
bnts,  tonics,  and  sedatives  from  our  materia  medica,  and  practically 
discourage  all  attempts  to  relieve  or  cure  chronic  diseases  of  the  ner* 
vous  system. 

Dose  (ff  EhctrhUy. — Nearly  all  our  medicines  are  prescribed  by  an 
average  standard  dose.  This  average  standard  is  derived  from  ex  peri* 
ment  and  experience,  and,  with  the  majority  of  drugs,  is  a  safe  guide 
in  administration,  although  every  judicious  and  thoughtful  physician 
studies  each  case  by  itself,  and  varies  the  dose  according  to  the  ap 
parent  indications- 

In  the  case  of  electricity,  when  medically  employed,  the  dose  cannot, 
in  the  present  state  of  scienccp  for  obvious  physical  reasons,  be  arbitra- 
rily or  mathematically  stated. 

The  dose  of  an  application  of  electricity  consists  of  these  factors  : — 
,  I.  The  strength  of  the  current,  or  the  quantity  of  electricity  that 
flows  in  a  given  time, 

2.  The  length  of  the  application. 

Both  of  these  factors  are  so  modified  in  various  ways  that  they  can- 
not attain  anything  like  mathematical  precision.  The  strength  of  the 
current,  of  the  quantity  of  electricity  that  flows  through  the  circuit,  as 
we  are  taught  by  Ohm's  law,  is  the  electro-moiive  force  divided  by  the 
resistance.  We  have  previously  shown  (in  Electro-PhysicSj  chapter  vii.) 
that  both  of  these  factors  are  susceptible  of  almost  infinite  variations, 
some  of  which  are  and  others  of  which  are  not  understood. 

In  the  time  of  the  application  there  is  less  vagueness,  but  even  in 
this  factor  the  precision  is  more  apparent  than  real ;  for  the  effect  of 
electricity  depends  so  much  on  the  manner  in  which  application  is 
made,  whether  with  interruptions  or  without  interruptions,  whether 
with  large  or  suiall  electrodes,  etc.  The  method  of  the  application, 
whether  local  or  general,  and  if  local,  to  what  part,  and  how  directed^ 
also  modifies  seriously  the  determination  of  the  dose  from  the  length 
of  the  application.  Ten  minutes  of  general  faradization  or  central 
galvanization  will  have  a  much  more  powerful  general  effect  than 
ten  or  even  twenty  minute?  of  local  electrization.  Five  minutes  of 
galvaniiiation  of  the  brain  will  accomplish  more  good  or  evil  thaia 
fifteen  minutes'  faradizition  of  the  uterus,  or  of  any  one  of  the  extremi- 
ties. 

The  time  may  yet  come,  in  the  advance  of  science,  when  electncal 
measurement  will  attain  such  a  degree  of  precision  that  we  shall  be  able 
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to  prescribe  so  many  farads  of  electricity,  as  we  now  prtfscri'j^  eo  many 
grains  of  quinine,  or  so  many  drops  of  laudanum ;  but  the  day  when 
such  exactness  shall  be  possible  in  applications  to  the  human  body 
probabSy  not  very  nean  Our  present  method  of  mt-asuHng  the  gaU 
vatiic  curreal  by  the  number  of  degrees  of  defection  of  the  needle  of  a 
galvanynietcr  k  very  unsatisfactory,  for  the  twofold  reason  that  the  de 
flection  beyond  a  certain  angle  does  not  accurately  represent  the  relative 
strength  of  the  current,  and  especially  because  when  applied  lo  the 
body  a  differefit  and  varying  resistance  is  encountered,  which  at  once 
destroys  the  value  of  the  comparison.  Electro-therapeutists  have  some- 
times stated  the  amount  of  the  deflection  which  the  current  caused 
before  being  applied  ;  but  all  such  statements  are  of  Httle  or  no 
value,  and  particularly  when  we  do  not  know  the  construction  of  the 
particular  galvanometer  which  they  employ.  A  further  difficulty  in 
measuring  electricity  by  the  galvanometer,  is  that  the  strength  of  the  cur- 
rent in  most  of  the  batteries  in  common  use  declines  during  the  appli 
cations,  so  that  a  current  which  is  powerful  at  first  may  in  the  course  of 
ten  or  fifteen  minutes  be  only  medium. 

The  graduated  scale  on  some  of  our  faradic  machines,  and  which  in 
dicates  the  number  of  indies  that  the  rod  or  helix  or  tube  is  moved, 
is  also  a  practically  useless  guide,  except  as  far  as  it  may  be  resorted 
to  to  encourage  and  amuse  silly  and  weak-minded  patients.  In  any 
Giradic  machine  the  strength  of  the  current  ui  the  cell,  iind  conseqilent- 
ly  the  strength  of  the  induced  current  in  the  coiJ^  varies  from  day  to  iliiy, 
and  varies  during  the  application  ;  and  the  amount  that  passes  through 
the  patient  is  dependent  on  the  siie  of  the  electrodes,  and  the  amount 
of  moisture  in  theai,  and  ihelr  relative  position. 

In  default  therefore  of  any  trustworthy  means  of  prescribing  electricity 
by  farads,  or  other  definite  measures,  we  are  compelled  in  practice 
to  depend  on  these  two  indications  : 

1.    Th£  sensniioHs  of  the  pafitnt. 

Very  fortunately  the  sensation  of  the  patient  during  the  applicatioc 
indicates  with  considerable  correctness  whether  the  current  is  of  the 
proper  strength.  Tht  rule  is  that  where  strong  £urrents  are  homt 
without  tits€omf9rt  strong  currents  are  btneficial ;  where  only  mild  cur^ 
rents  are  borne  only  mild  currents  arc  indicated.  The  difference  in  the 
natural  sensitiveness  of  patients  to  electricity  is  very  great.  This  dif- 
ference is  further  modified  by  disease.  In  an;«sth^sia  local  and  general, 
in  sclerosis  of  the  nerve  centres, and  certain  local  afTectiona,  very  powei* 
ful  currents  cause  but  little  pain.  On  the  other  hand  in  hyperesthesia^ 
iu  hysteria  and  atiled  affections  a5  a  rule,  and  in  acute  and  subacute 
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Iocs.!  infiaintnations,  only  mild  currents  can  be  borne.  To  disregard 
the  reelings  of  the  patient  aiiJ  make  the  apijlicatbns  exceedingly  poin- 
ful  tend  to  produce  the  evil  rather  lhan  the  good  effects  of  elec- 
tridty.  To  give  only  mild  applications  when  painful  ones  could  be 
tt-eU  borne  h  to  rob  the  patient  of  a  part  of  the  benefit  to  which  he  U 
entitled. 

To  the  rule  that  the  sensationb  of  the  jjatieiit  are  tl  e  guide  in  elec 
tricfll  applications  there  are  some  exceptions,  just  as  there  are  some 
eitceptions  to  the  rule  that  the  appetite  is  the  guide  in  the  quantity 
of  food  that  we  eat  It  is  partly  to  guard  against  these  eitceptions,  and 
to  keep  on  the  safe  side,  that  the  first  few  applications  on  a  new  pa- 
tient whom  wc  have  not  before  treated  by  electricity,  should  be  mild  and 
short. 

Not  only  do  different  individuals  vary  in  their  sensitiveness  to  electri* 
city,  but  different  parts  of  the  surface  of  the  body  in  the  same  individual 
also  vary,  as  we  have  seen  through  a  considerable  range ;  and  in  the 
cavities  of  the  body  and  on  the  mucous  surface  the  range  of  vartatioD 
in  sensitivcucbs  is  yet  greater.  The  mucous  meuibnine  of  the  mouthi 
tongue,  urtthra^  is  very  sensitive,  and  this  sensitiveness  should  be  re- 
spected by  the  electro-therapeutist. 

There  are  surne  quite  rare  cases  of  hysteria  where  tht:  great  stsnsi- 
tivencss  of  the  patient  may  be  disregarded,  or  chloroform  or  ether  may 
be  adniiiuAtered.  Tip  sensitiveness  of  the  patient  is  a  guide  only  or 
mainly  in  regard  toMhe  strengfh  of  tlie  current.  In  regard  to  the 
length  of  the  application  we  must  be  guided  by — 

2.  The  immedtait^  se-cmdary^  and  remote  effects, — ^This  second  guide 
serves  to  correct  the  ruistakes  of  tlie  first.  A  meal  that  disagrees 
with  us  may  show  its  ill  effects  in  a  few  minutes  or  hours,  or  the 
following  day.  Similarly  we  should  study  the  effi^cts  of  electrical  ap- 
plications. So  far  as  any  one  or  all  of  the  good  effects  described  in  this 
chapter  follow  an  application,  so  far  we  may  judge  that  the  apiilica- 
tion  has  done  good  \  so  far  as  any  or  all  of  the  evil  effects  described 
in  this  chapter  follow  an  application,  we  may  judge  that  it  has  done 
evil.  The  evil  and  the  good  effect5  may  sometimes  be  associated. 
To  rightly  interpret  these  effects,  and  to  distinguish  between  those  that 
ftw^  produced  by  the  applications  and  those  that  are  produced  by 
moral,  hygienic  or  medical  causes  is  one  of  the  severest  tests  of  medi- 
cal skill.  There  is  less  liability  to  deception  in  studying  the  immedble 
effects,  since  there  is  less  chance  for  othei  forces  to  complicate  the 
results.  After  a  few  hourSj  the  com]>!ications  of  diet^  exercise,  weather, 
medicine  and  so  forth  begin  to  appear,  and  obscure  the  effects  of  the 
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eiCCtricily*  The  secondary  and  remf?te  effects  can  therefore  only  he 
Ascertained  by  repeated  observations.  A  single  application  gives  us 
Htde  opi>ortunity  to  answer  the  question  whether  electricity  is  really 
die  remedy  that  the  case  requires. 

One  caution  must  not  be  for^^otten :  the  immediate  and  secondary 
effects  may  he  tvil  while  the  remote  effects  may  be  g&od>. 

A  long  walk  diat  much  fatigues  us  is  often  beneficial,  though  the 
benel^i  does  not  appear  for  several  dayi5.  Those  who  take  Ijavelling 
vacations  to  recruit  exhausted  energies,  frequently  feel  worse  while 
ihey  arc  travelling,  but  are  stronger  on  their  return  and  for  nionthi 
foUowing.  The  fatigue  and  soreness  and  stiffness  that  sometinies  fol- 
low skating  and  g>inna5tics,  and  other  exercises,  do  not  always  indi- 
cate that  benefit  has  not  been  derived.  The  next  day  the  appetite 
and  spirits  may  be  better,  sounder  sleep  may  follow ;  tlie  evil  and  the 
good  effects  contend  for  the  niaster)\  and  the  good  effects  triumph. 

Thf  ^est  r€sulfs  0/  Eie^tncal  Irtitiment  usually  obtained  with  Mild 
Currents. — For  the  average  constitution,  and  with  the  exceptions  thai 
come  from  certain  idiosyncrasies  and  certain  {liseasct,  such  as  anfcsdtesia, 
the  i>e5t  results  of  elecirtcal  treatment  are  obtained  by  mi(d  currents. 

Tht:  temptation  to  4lisregard  this  rule  and  usir  painfid  currents  is, 
even  for  the  experienced  electro-therapeutist,  very  great,  and  sometimes 
irresistible  The  dogma,  "  no  smart  no  cure,*^  wliich  lias  wrouglit  sO 
much  misery  in  the  world,  still  lingers,  even  among  the  intelligent. 

The  descendants  and  near  relatives  of  the  man  who  growled  at  h» 
dentist  for  extracting  his  tooth  witliout  pain  or  bluster,  because  he 
had  been  accustomed  to  being  hauled  all  around  the  room  during  that 
operation,  are  yet  very  nnuierous.  Even  in  cultivated  circles  there 
can  be  found  ihose  who  have  no  faith  in  medicine  unless  it  is  bitter, 
and  no  resi*ect  for  the  doctor  unless  he  half  kills  them.  Then  again 
some  patients  make  a  virtue  of  bearing  pain,  and  will  pretend  thai  they 
do  not  feel  the  current  when  they  know  they  are  suffering  all  the 
horrors  of  the  damned.  Moreover,  mercenary  patients  wish  to  get 
their  money's  worth,  and  if  they  pay  so  many  dollars  for  an  application, 
they  want  so  many  dollars*  worth  of  agony.  For  all  these  reasons  com- 
bineil,  wc  are*  in  spite  of  our  experience  and  caution,  continually 
tnalctng  the  blunder  that  we  here  warn  against.  Over  the  doors  of  the 
clectro-theraitcuiist»  and  in  full  view  of  the  operating  chair,  we  would 
inscribe  this  motto,  Better  give  much  too  little  than  a  little  too 
much.'' 

Tht  use  &f  SiiU  m  the  Bteefr^de. — A  very  got>d  device  to  prevent  using 
luo  strong  currentiir  particularly  the  g^hanic  current^  is  to  saturate  Ch« 
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spoinges  or  cloths  of  the  electrode  with  plenty  of  salt  water.  SaJt  watei 
is  ft  good  COi^dttClor,  nsach  better  than  siuiple  wa.ter,  and  will  cause 
the  pAUenc  to  setuittveljr  feel  2  current,  of  which,  if  the  sdit  watet 
were  Dot  used,  be  would  not  be  conscious. 

With  the  same  strength  of  current,  a  spor^e  or  doth  electrode 
S3.turated  with  salt  is  more  painful  than  a  simiEu'  electrode  not  so 
^jlitratcd.  The  current  when  conducted  tfao<^  silt  seems  to  pass  in 
points  from  the  electrode  to  the  bodj  just  u  when  conducted  through 
tnetal  or  the  metallic  bni^  lo  a  word,  an  electrode  satumted  with  salt 
Dot  only  conducts  a  greater  quality  of  electndty,  m  acco(rdai>ce  with 
Ohju's  law.  but  c:oDducts  it  more  painiiilljr  than  an  electrode  uttirated 
with  ordinary  water. 

Cdr^  m  (he  Details  of  the  A^^Uatians. — ^There  b  as  much  differ- 
ence between  a  skilful  and  an  awkward  applic:aticNi  of  electncily  u 
there  is  between  a  skilful  and  an  awkward  operation  in  surjgcry.  Bjr 
those  who  desire  to  become  experts  in  applying  electricity,  the  follow* 
iog  points  shouUi  be  considered  ; 

I.  To  avoid  suddenly  interrupdng  the  coirents  in  cases  where  inter- 
rtjprions  are  not  required,  and  especially  in  appKcattons  oa  or  near  the 
head.  In  the  treattnetkt  of  parit}*5i5  of  motiofi  aod  of  sensation,  inter- 
ruptions are  required,  but  in  the  treatment  of  the  braint  spinal  cord, 
aod  sympathetic,  and  in  very  nsany  peripheral  applicatioDS  sta^U  cur- 
rents only  are  required.  In  all  such  casts  the  current  should  be  closed 
gradually  and  delicately.  If  possiI>le  by  means  of  a  rheostat  of  some 
kindp  or  by  increasing  or  diminishing  the  pressure  on  the  spcn^  of  the 
electrode.  InteiruptioDS  tnaJe  in  the  metallic  pan  of  the  cutrcat  are 
always  more  sudden  and  violent  tlmt  those  tnade  ill  the  electrodes,  for 
the  physical  reason  that  the  amaection  of  the  am«tU  is  more  sharp  and 
abropt* 

Delicate  patients  should  be  treated  with  ddic^qr.  Those  who  are 
sensitive  and  apprehensive  should  never  be  annoyed  by  sudden  bmks 
in  the  current,  except  in  those  fonns  of  disease  where  sudden  breaka 
are  required. 

In  presenting  this  caution  we  do  not  intend  to  endorse  the  notion  that 
serious  pathological  le^ioz]^  are  caused  by  interrupting  the  cufrentt  even 
on  or  near  the  brain.  There  is  little  or  no  evideiKe  besides  the  case 
of  Duchenne,  that  any  serious  injury  to  the  retina^  or  to  the  aadiior^ 
nerve,  or  to  any  part  of  the  brain,  or  sympathetic,  or  s{MnaI  cord»  has 
been  produced  by  faradiiatioo  or  gatvaniration  with  the  stren^  of  Cur- 
retic  ordinarily  employed  in  elecDXMuedical  applicattooa.  The  diaxi- 
ncss,  the  sour  taste  in  the  mouth,  the  flashes  of  ^ght  befiare  the  eyc^ 
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the  shock  or  agitation  produced  by  the  sudden  intemipHon  of  tlie 
galvanic  cnrrent,  are  annoying,  and  to  the  delicate  patient  unaccus- 
ed to  iheni,  sonnetiines  alarming,  but  with  the  batteries  in  ordinary 
e,  and  with  the  strength  of  current  that  is,  or  ought  to  be  employed 
tlirough  the  head  and  neck,  they  are  rarely  if  ever  dangerous  :  they 
are  temporary  effects  that  soon  pass  away,  and  are  forgotten.  But 
they  arc  to  be  avoided  in  cases  where  they  are  not  required,  for  the 
ihree-ft>Id  reason  that  they  do  no  positive  good»  that  ihey  may  interfere 
A'ith  the  success  of  the  treatment,  and  that  they  alann  or  annoy  the 
patient.  We  are  to  avoid  worrying  our  patients  in  this  way,  for  the 
same  reason  that  we  are  to  avoid  treading  on  their  corns,  because  it  U 
disagreeable  and  discourteous. 

2.  To  avoid  making  the  applications  unnecessarily  painful  through 
carelessness  in  the  management  of  the  electrodes.  By  the  use  of  fine 
and  soft  sponge — the  best  (liat  can  be  found  in  the  shops — the  smarting 
and  stinging  pain  of  the  applications  can  be  much  dnmnished.  Aside 
from  Ihc  fact  that,  with  some  exceptions^  less  satisfactory  results  follow 
painful  than  pleasant  currents,  the  feeling  of  pain  should,  so  far  as  pos- 
sible, be  avoided.  There  are,  as  we  have  said,  a  certain  number  of  pa- 
tients who  carry  into  medicine  the  same  views  that  once  dominated  in 
religion,  and  wiio  desire  to  suffer,  and  have  very  little  respect  for  any 
treatment  that  docs  not  catise  more  or  less  agony.  Such  patients  ^ill 
sometimes  find,  after  one  or  two  severe  and  painful  applications,  thai 
they  are  injured  more  than  benefited,  and  will  submit  to  the  advice  of 
the  physician  and  take  the  treatment  that  is  best  for  them. 

3.  To  avoid  surprising  and  startling  the  patient  by  allowing  the  wires, 
or  the  metallic  portions  of  the  electrodes,  to  touch  any  part  of  his  ex- 
posed body.  If  the  connecting  wires  slip  out  of  their  conneotions  with 
the  electrodes  they  are  liable  to  fall  on  the  exposed  skin  arid  give  a 
painful  shock.  If  the  edge  of  thti  electrode  not  covered  with  sponge 
or  cloth  touches  the  skin,  it  will  give  the  patient  sudden  iiain,  and 
annoy  both  him  and  tije  operator.  Connecting  wires  that  are  not  pro- 
tected by  nibber  arc  liable  to  lose  their  silk  or  cotton  covings  in 
places,  which  when  they  touch  the  skin  cause  pain. 

4.  To  be  always  and  every  moment  sure  that  the  current  is  nmning. 
TKe  batteries  should  be  tested  before  the  application,  either  by  the 
galvanometer  or  through  the  hand  or  person  of  the  operator,  that  be 
may  be  sure  that  it  is  in  order,  that  the  connections  are  properly  made, 
luid  that  the  electrodes  are  sufficiently  wet  to  conduct  the  currenL 
When  mild  currents  are  used^  salt  may  be  added  to  the  solutif^n  m 
which  the  ftectrode  is  dipped,  so  that  a  slight  stinging  sen«*iiMJ 
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beneath  the  electrode,  may  keep  the  patient  assnred  tlial  ihe  current 

DUrolnn^  of  the  PaiUni, — The  great  majority  of  electrical  applica- 
Imns  require,  on  the  part  of  the  patient,  more  or  less  loosening  or 
removal  of  the  dress.  Not  only  is  this  necessary  in  general  faradiza- 
tion and  central  galvanization,  but  in  very  many  local  applications  to 
the  spine,  abdomen,  and  upper  and  lower  limbs,- — excepting  merely  the 
Face^  head  and  hands.  To  know  how  to  direct  the  patients  to  arrange 
their  clothing  so  as  to  give  the  operator  sufticient  and  easy  access  to  the 
person,  is  a  part  of  the  art  of  practical  electro-therapeutists,  and  it  is 
an  art  not  to  be  despised.  Male  patients  have  less  trouble  in  this  re- 
gard  lhan  female  patients,  since  their  garments  are  fewer  and  simpler, 
but  thev  are  more  annoyed  by  the  little  they  have  to  do  than  women 
are  by  their  vast  par:^phenialia.  The  art  consists  in  has^ning  and  pull- 
ifi^  up  wiihout  etttiniy  r/rmomnj^  the  umier  dothingt  thus  avoiding 
trouble^  exposure  and  waste  of  time. 

Temperature  of  the  Electrodes  and  of  the  Operating  R&am. — The 
question  is  often  raised  by  patients  wliether  ll\ere  is  any  danger  of  tak- 
ing cold  after  an  application  of  electricity.  The  answer  is  clearly  in 
the  negative.  The  electricity^  as  such,  so  far  as  it  goes,  fortifies  the 
system  against  cold  ;  but,  by  careless  exposure  while  undressed  in  a 
cold  room,  it  is  possible  to  take  cold,  just  as  by  similar  exposure  when 
electricity  is  not  used.  It  is  also  possible  to  make  the  application 
quite  uncomfortable  by  using  sponges  moistened  with  cold  instead  of 
tepid  water  Our  aim  should  be  to  have  the  temperature  of  the 
operating  and  dressing-room  a  little  higher  than  is  necessary  for  a  per- 
son fully  dressed  ;  to  moisten  the  sponges  or  electrode  covers  in  tepid 
or — in  very  cold  weather — in  hot  water;  and  when  the  feet  are  jilaccd  on 
a  foot-plate  of  tin  or  copper,  to  have  a  warm  soapstone  beneath  the 
foot-plate  to  keep  it  always  comfortable. 

Time  af  day  for  the  AppUcatim. — Applications  of  electricity  may  be 
given  with  advantage  all  hours  of  the  day  and  night.  In  our  experi- 
ence, and  probably  in  the  esperience  of  all  electro-therapeutists,  the 
majority  of  the  a[>piications  are  given  in  ordinary  business  hours,  in  the 
forenoon  and  afternoon.  We  have  never  been  able  to  see  that  anything 
was  gained  by  giving  any  particular  heed  to  the  hours  of  eating  \  just 
before  meals^  and  just  after  them,  ordinary  electrical  treatment  may  be 
given  with  apparently  as  much  benefit  as  two  or  three  hours  from  a 
meal.  In  some  impressible  temperaments,  central  galvanization  and 
general  faradisation  temporarily  increase  appetite,  and  for  such  peisons 
an  apnlication  might  very  properly  be  given  a  little  before  meals.  For 


who  snfTfT  frtMn  dyspepsia,  a  seance  pretty  soon  after  dinner  might 
of  service  in  aiding  digestion,  but  we  cannot  say  that  we  have  seen 
■my  such  results. 

For  all  delicaiCj  hysterical,  sleepless  patients,  the  evening  is  an  excel- 
lent time  to  receive  electricity.  The  powerful  sedative  effects  of  central 
And  general  electrisation  arc  in  this  ctass  of  patients  most  gTatefully  re- 
ilized  little  bcfoi^*  going  to  bed,  or  after  they  have  already  retircd- 
For  these  reasons  we  have,  for  years,  been  accustomed  to  treat  some  of 
our  patients  in  the  evening,  before  or  shortly  after  retiring,  and,  were  it 
not  for  the  inconvenience,  we  should  do  it  more  frequently. 

Time  of  AfplL^ifions. — The  time  of  an  application  is  an  element  of 
the  dose  of  electricity  that  has  not  been  sufficiently  studied.  Electro- 
thcrapettti&ts  have  fallen  into  the  conventional  and  routine  habit  of  u&ing 
the  current  all  ihe  way  from  five  to  ten  or  fifteen  minutes  or  so,  at  a 
sitting,  without  sufficiently  investigating  ihc  question  whether  the  lengrh 
of  the  application  otight  not  to  be  varied  with  studious  care,  in  eaeh 
ease,  and  varied  during  the  course  of  treatment. 

For  irritable,  sensitive  and  impressible  patients  this  law  certainly 
holds  :  fM  /r)«§-  ap//uij/!<>ns  jt<itA  mUd  currenfi  are  hetftr  than  short 
^fflkatiens  wUk  strong  currents.  Thi$  law,  which  is  the  outcome  of 
all  our  observations  in  the  department  of  electro-therapeutics,  applies  to 
all  modes  of  using  electricity. 

A  sudden  shock,  or  a  series  of  shocks  with  a  powerful  current,  may 
injure,  where  a  prolonged  api>lication  with  a  gentle  current  may  work 
no  harm  and  much  good-  That  this  element  of  time  becomes  a  practi- 
cal difficulty  in  (he  use  of  electricity  by  overworked  genera!  practitioners, 
must  be  admitted  :  but  if  it  be  a  scientific  fact — as  it  surely  is — thai 
lime  is  required  to  gain  the  choicest  and  best  effects  of  electrical  treat- 
ment, then  we  must  recognize  and  accept  the  fact,  and  treat  our  parienls 
accordingly,  and  expect  them  to  reward  us  for  our  labors  more  liberally 
thon  for  a  mere  prescription  or  suggestion. 

Wc  insist  on  this  point,  because  we  feel  that  through  neglecting  it 
many  mistakes  have  been  made,  and  through  a  disposition  to  neglect  it 
there  is  danger  that  in  some  minds  electro-therapeutics  itself  may  fall 
into  disrepute.  While  many  patients  and  many  cases  do  well  under  five 
or  trn  minutes  of  electrization*  very  many  others,  especially  after  they 
have  become  accuslomcd  to  it,  reqvnre  at  least  double  that  time. 

With  all  our  might,  we  should  avoid  the  error  of  supposing  that  the 
best  effects  of  electrical  treatment  will  succeed  by  short  applications 
viih  strong  currents  In  this  \oy  we  may  both  save  time  and  lose  qui 
patients. 
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Economy  of  this  sort  may  prove  to  be  the  worst  of  extravagance. 

Frequ^ney  of  the  AppUcatlotis.—0\^\t^^y  siimiilaniing  and  tonic  me  Ji 
ernes  are  given  one,  two,  and  usually  three  tioies  a  clay*  The  do.ie  of 
electricity  cannot  usually  be  administered  so  frequently  without  doing 
more  evil  than  good.  It  seems  essential  to  the  electro-therapetnical 
treatment,  whatever  the  mode  employed,-i^eneral  and  local  faradiza- 
tion, central  and  local  galvani/alion,  and  even  electiic  baths  and  the 
USB  of  the  body  batteries, — that  there  should  a  considerabh  period  of 
resi  htiwtcn  the  apphtatims. 

Electrization  sets  in  motion  forces  that  slowly  act  and  react  hours  and 
days  after  the  electrization  has  ceased.  The  time  required  for  these 
forces  to  operate  to  the  best  advantage  varies  with  individuals,  but  in 
all  cases  a  certain  p<^riD<l  of  rest  is  required,  and  if  tlie  at>plication  be 
repeated  before  this  period  or  some  portion  of  it  has  elapsed,  the  bene- 
fits of  the  previous  application  are  more  or  less  neutr^ilized,  and  the 
patient  may  be  w^eakcncd  more  than  strengthened.  This  at  least  appeari 
to  be  the  conclusion  that  long  experience  forces  upon  us.  All  the 
way  between  every  day  or  once  a  week  the  applications  can  be  given 
with  benefit.  Three  or  four  times  a  week  is  about  as  often  as  the  aver- 
age patient  cares  to  make  his  visits,  and  it  is  safer  to  begin  treatment 
with  at  least  an  interval  of  a  day  or  two  between  sittings.  Some  pa- 
tients require  at  the  outset  of  a  course  of  treatment,  intervals  of  three 
or  four  days.  If  by  accident  or  intention^  strong  and  long  applications 
are  made,  unpleasant  reactive  effects  may  follow  that  at  once  suggest 
the  necessity  of  waiting  for  a  day  or  two.  Many  a  time  does  it  happen 
to  us  to  visit  a  patient,  and,  on  learning  the  history  of  the  symptoms, 
to  put  off  tJie  application  twenty  fonr  or  forty-eight  hours. 

On  the  other  handj  there  are  those  who  can  take  full  applications  every 
day  for  a  nionih  in  succession,  and  in  some  causes,  as  it  apL>ears  to  us, 
with  greater  benefit  than  would  be  derived  from  applications  given  every 
other  day.  At  the  founding  of  the  Electro-Therapeutical  Department 
of  Detnilt  Dispensary,  we  received  patients  only  twice  a  week,  and  good 
results  were  obtained  under  that  system,  but  we  afterwards  found  il  de- 
sirable to  add  another  day.  In  private  practice  we  make  [he  applica- 
tions more  frequently  dian  at  first,  and  find  an  advantage  in  so  doing, 
for  the  reason,  mainly,  that  we  use  milder  currents  thaJi  formerly,  and 
our  patients  can  bear  and  be  profited  by  more  frequent  sittings. 

General  and  central  applications  require  longer  intervals  than  local 
and  peripheral  applications,  for  the  patent  reason  that  tlie;y  more 
lK>wcrfully  affect  the  whole  system,  and  are  more  frequently  followed 
by  re;  ctive  effect^ 
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In  nrc cases, — when  the  patient  has  but  a  short  time  to  remain  m  town 
or  when  an  intolerable  pain  is  to  be  relieved, — we  have  given  applica* 
tions  twice  a  day,  but  have  not  usually  obtained  any  advantage  thereby. 
Chronic  nervous  diseases  cannot  be  cured  in  a  day ;  time  is  as  neces- 
siiv  as  the  eleciricity.  Long  standing  pathological  lesions  are  not  to 
be  i:arrifd  by  assault,  however  bravely  conducted  ;  they  yield  only  to  ft 
protracted  siege. 

E^^tthrity  of  the  Afff^licathns. — It  is  tiie  custora  with  some  electro- 
therajjeu lists  to  insist  on  regularity  in  the  days  and  hours  of  the 
applications,  and  there  are  those  who  believe  that  the  best  effects 
follow  regular  and  methodical  treatment.  On  this  point  we  are  in  some 
doubt.  Patients  who  are  methodical  in  their  habits,  and  who  are 
regular  in  their  visits,  will  be  less  likely  to  omit  visits,  and  will  be 
more  likely  to  persevere,  and  consequently  will  be  more  profited  than 
those  who  omit  ha!f  of  their  visits  and  abandon  treatment  before  it 
is  fkdly  tried.  There  is  no  evidence  that  regularity,  as  such,  is  any 
advantage ;  although  there  is  strong  probability  that  for  some  constitu 
tions,  andf  perhaps,  for  diseases  with  periodic  symptoms,  it  might  be 
an  advantage  to  give  the  applications  at  the  same  hour  daily,  or 
every  other  djiy,  as  tile  case  may  be.  Our  own  custom  in  this  regard 
varies.  Practically  we  find  it  impossible  to  treat  all  patients  with 
absohite  regularity,  and  in  those  cases  where  we  are  able  to  do  so  we  have 
not,  thus       been  able  to  see  any  special  therapeutic  advantage. 

Prolonged  Applications.— K  method  of  using  electricity  that  has  been 
too  little  studied  by  the  profession  is  that  of  prolonged  applieationt 
with  mild  currents. 

In  certain  diseases^  both  medical  and  surgical,  it  is  of  advantage  to 
allow  the  current — galvanic  or  faradic— to  run  for  several  hours — all 
day  or  all  night — as  may  be  convenient, 

Wc  have  become  so  accustomed  to  the  use  of  short,  or  comparatively 
•hort  applications,  that  we  forget  that  the  current  if  sufficiently  gentle 
may  be  passed  through  the  body,  or  part  of  the  botly  for  hours,  if  not 
days  consecutively,  without  injury,  and  witli  great  benefit,  provided 
certain  cautions  are  observed. 

When  the  galvanic  current  is  thus  used,  care  nmst  be  taken  not  to 
allow  the  sponges,  or  metals,  or  cloths,  to  remain  too  long  in  one 
spot,  since  they  will  cause  a  disagreeable  though  not  serious  ulceration 
of  the  skin,  that  may  be  some  time  in  healing.  In  order  to  avoid  thia 
ulceration,  it  is  well  to  use  sponges  instead  of  metals,  and  to  change 
from  time  to  time  the  posi  ion  of  the  electrodes,  so  that  they  may  nol 
act  too  long  on  one  spoL 
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The  details  of  this  method  of  using  elcclricity  must  bu  vaiicd  wi'J. 
i:at;h  case  and  die  circumstances  of  tlie  jnitiuit. 

Intervals  iftHuetn  the  Courses  of  Treatmeni.—li  is  sometimes  of  service 
U)  suspend  a  cour:»e  of  treauneut  ^tcr  it  has  been  goiog  on  a  number 
oi  weekSf  atid  to  alloM  interval  of  one  or  more  weeks,  according  to 
circumstances.  It  is  soiueiiines  observed  that  patients  improve  a£ 
muth  during  tiie  interval  as  during  (he  treauiieiit,  and  when  the  appli- 
cations are  renewed,  they  have  greater  force  than  at  the  close  of 
the  course  of  ircatnjent.  it  is  true  of  electricity,  as  of  almost  every 
other  stimulant,  tonic,  sedaLive  remedy,  that  after  receiving  it  a  certain 
time  ihe  system  becomes  so  accustonied  to  it  as  to  tolerate  it,  and 
then  its  full  force  is  not  appreciated  Iti  cases  where  tliis  toleration  of 
electricity  is  observed,  when  the  iiiiprovemeiit  halts,  so  lo  speak»  a 
brief  suspension  of  treatment  may  be  indicated,  and  on  renewing  it, 
all  the  benefit  at  first  realized  may  be  repeated. 

On  the  other  hand,  there  are  pa6enti  who  seem  to  prosper  best  under 
tteady,  uninterrupted  treatment. 

Combinaiion  of  Methods  of  Appluati^n. — Comparatively  few  disease:} 
are  to  be  treated  solely  by  any  one  method  of  application  ;  many  of  the 
purely  local  affections  ever  yield  better  to  electrical  procedure,  when 
the  applications  are  varied,  than  when  one  mode  only  is  persistenUy 
used,  Both  currents,  galvanic  and  faradic,  may  be  tried  in  alternation 
or  succession,  and  both  the  direct  and  indirect  methods  may  be  em- 
ployed at  the  same  sitting  or  at  different  sittings.  In  all  diseases  where 
the  whole  system  is  involved,  the  method  of  application  r»ay  be  yet 
more  varied.  General  faradisation  and  central  galvanization  may  be 
used  alternately,  and  tJie  alternation  may  be  by  tiie  day  or  week. 
These  methods  may  be  varied  with  galvanisation  of  the  brain  in  all 
directions,  galvanizai-ion  of  th:?  pueumogastric  and  sympathetic  and  ol 
the  spine,  lo  some  diseases,  as  notably  in  those  where  central  le- 
sions are  accompanied  by  peripheral  injury  and  genera]  exhaustion,  as 
hemiplegia,  ataxia,  and  so  forth,  all  the  methods  of  apphcation  may 
be  used,  including  faradiiation  with  the  wire  brush.  We  observe  not 
unfrequently  that  after  one  method  of  electrisation  has  done  alt  that 
it  is  capable  of  doing,  after  it  seems  to  have  lost  its  power,  another 
method  of  electriiation,  or  a  mere  modification  of  a  method,  may  pu^ 
the  luiprovemcnt  yet  further,  until  it  in  time  loses  its  force  and  the  fresb 
bliinulub  of  another  method  is  required. 

In  this  respect  the  behavior  of  electricity  is  in  no  way  peculiar ;  to 
ill  ]x>werful  remedies  the  system  in  lime  becomes  so  accustomed,  as  to 
tolerate  them  without  aijpredating  their  reniediai  influence.    In  tlie 
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adiainistraiior.  of  tonics  iu  cases  of  debility,  and  of  astringents  in  cases 
of  chronic  diarrhoea,  a  necessity  for  frequent  change  of  remedy  is 
geo^rally  recognized. 

Hmt^  t&  jttdge  of  the  Effects  of  EUctrUal  TreaimenL — It  is  of  the  first 
imparlance  for  the  electro-therapeutist  to  have  a  clear,  just  and  sys 
tettiatit  nifthod  of  determining  the  effect*  of  electricity,  both  good  and 
evil.  Much  of  the  di^erence  i>f  QiJinion  Uiat  prevails  among  those 
who  use  electricity,  as  to  its  general  and  special  value,  and  niuch  of  the 
prejudice  that  exists  against  electro-therapeutics  is  the  result  of  a  want 
of  a  knowledge  of  the  te^ts  by  which  Uie  action  of  electricity  on  patients 
is  10  be  determined. 

When  we  give  opium,  we  know  very  soon  whether  it  relieves  pain 
and  produces  sleep,  or,  as  not  unfrt^qiicntly  happens,  has  effects  pre- 
cisely opposite.  We  learn  to  judge  w  ithtnit  great  difficulty  whether  the 
chloral  and  quinine  arc  doing  the  work  that  we  desire.  With  stinmlanta 
and  ionics,  as  used  in  the  chronic  affections^  gri^ater  difHcuhy  is  ex- 
perienced, but  there  are  certain  tests  which  we  study  and  look  for  and 
by  which  we  are  guideit  The  effects  of  electricity  should  be  similatiy 
studied. 

The  f^o^d  effects  of  electrization  are  in  general  as  follows  : 

1 .  Relief  of  Pain  and  Disagreeahie  Sensations  heal  and  general. — • 
This  relief  may  appear  shordy  after  the  application  is  comniencedi 
after  it  has  been  continued  for  some  minutes,  or  at  its  close.  In  some 
cases  there  fs  no  relief  during  or  tmniediateiy  after  the  sitting,  but 
several  liours  subsequently.  We  include  painful  sensations  of  every 
kind — the  vague  wandering  pains  of  neurasthenia  and  hysteria,  the 
burning  of  iiiilamniation  as  well  as  real  neuralgia. 

2.  Improvement  in  th€  Pulse . — Where  the  pulse  is  abnormally  slow 
it  may  be  quickened  both  during  and  for  some  time  after  the  sitting. 
Where  it  is  abnormaUy  rapid  it  may  be  lowered.  The  pulse,  there- 
fore, may  be  a  guide  in  the  acicninisiration  of  elociricityj  as  it  is  a  guide 
in  the  administration  of  alcohol  and  various  other  forms  of  stimulanLi 
aod  tonics.  If  the  quiet  pube  is  made  much  quicker  and  so  remains 
for  some  time,  we  may  suspect  that  the  application  has  been  too 
strong  or  loo  long. 

3.  Improvement  in  the  Temperature  ef  ike  Body^  or  &f  the  part  which  is 
treated. — Parts  that  are  abnormally  warm  are  cooled,  or  ^  is  more  fre- 
quently the  case,  parts  that  are  abnormally  cold  are  warmed,  during  and 
subsequent  to  the  operation.  The  temperature  may  be  tested  by  thfl 
sensations  of  the  patient,  by  the  touch  of  the  operator,  or  by  the  thef- 
mometer. 
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4.  General  calming  Influence  and Disposiiion,  to  SUep, — Nervousnesifi 
is  ailayedi  just  aTLer  taking  wine,  or  food,  or  a  bath,  or  a  drive  by  the 
sea.  The  disposition  to  sleep  conies  on  usually  after  the  application, 
in  rare  cases  during  the  sittings  especially  when  the  head  or  neck  U 
galvanised. 

5.  Mental  Kxhilaraiion, — The  effect  of  sea-baHiitig,  or  the  inhalation 
of  oxygen,  is  to  exhilarate  in  a  way  diat  de&es  minute  analysts.  The 
effect  of  electn^adon  is  similar,  Tliis  elfect  is  seen  more  strikingly 
in  hysteria  and  liypochitndriasis. 

6.  Increast  of  Appetite  and  Improvement  in  Digestion, — In  some 
instances  the  at>pctite  is  sharpened  by  a  single  sitting;  the  permanent 
iinprovetncnt  js^  of  course,  a  slower  effect,  and  is  only  observed  after  a 
Dumber  of  applications. 

7.  Imprcvement  in  Lotai  ami  General  Ntdrition. — To  accomplish 
jmprovemeut  in  iuitriiion  is  the  great  object  of  electrical  treat- 
ment. The  relief  of  pain  and  of  other  special  symptoms,  during 
a  sitting,  may  justly  be  regarded  as  results  and  accompaniments  oi 
improvement  in  nutrition.  At  a  later  stage  of  a  course  of  treatment, 
the  improvement  in  nutrition  may  be  seen  and  studied  by  the  senses. 
Improvement  in  local  nutrition  is  produced  by  local  electrization,  im- 
provement in  general  nutrition  is  produced  by  general  or  central  elec- 
triialion,  Peri])heral  locaJ  electrization,  may,  however,  refiexly  pro- 
duce improvement  in  general  nutrition,  particularl^Mvhen  prominent 
organs,  as  the  uterus,  the  stomach,  and  liver,  are  treated. 

The  evil  effects  of  electrization,  by  the  occurrence  of  which  we  may 
suspect  that  the  applications  are  too  strong  or  too  long,  or  improperly 
given,  or  that  wrong  methods  are  used,  or  that  the  temperament  and 
disease  of  the  patient  contra-indicate  electricity,  are,  in  geueral,  as 
follows  : 

I.  Headache  and  Backache. — Sudden  shocks,  or  interTU]itions  of  the 
current,  may  cause  momentary  headache  that  passes  away  as  quickly 
as  it  came.  When  the  headache  persists  for  a  considerable  time,  one 
may  know  that  there  has  been  somewhere  a  mistake  in  the  apph'ca- 
tion.    Backache  follows  as  a  rule  only  general  or  central  treatnitni. 

a.  Irritability  and  Insomnia. — Patients  may  feel  nervous,  irritable, 
and  indefinably  disagreeable  after  an  application,  and  the  sk-ep  the 
following  night  may  be  less  sound  and  more  disturbed  by  dreams  than 
ustiaL    These  are  evil  effects,  and  are  to  be  guarded  against, 

3.  Gcrtfral  Malaise, — This  symptom,  which  is  the  reverse  of  the 
exhilarati  m  spoken  of  among  the  good  effects^  appears  not  unfrecjuently 
after  an  over-dose,  especially  of  general  faradization.    It  sometimes 
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though  l«s  frequently,  ibliows  central  galvanisation,  and  there  is  no 
fbnn  of  ]oC3l1  t^lectm^Ltion,  central  or  periplieraL^  that  may  not  in  some 
\«niperaments  and  conditions  give  rise  to  it 

4.  Exaiafwn  or  Paifij  or  Increase  of  Pain  already  existing.— 
Neuralgia  is  sometimes  increased  on  the  applicadon  of  the  cuirentp  and 
particularly  when  the  currents  are  strong  and  interruptions  are  made. 
A  harsh  and  rough  faradtc  current,  even  when  mild,  may  aggravate 
paiii.  Someliines  there  is  no  effect  during  or  iinniediately  following 
the  seance  ;  but  m  the  course  of  a  few  hours,  the  pain  is  excited  01 
aggravated. 

Similarly  the  pdns  that  accompany  malignant  tumors  may  be  excited 
when  electricity  is  applied  during  an  ijilerval,  or  they  may  be  increased 
if  treated  during  the  paroxysni* 

5.  Over-Excited  Pulse. — The  pulse  may  indicate  whether  the  appli- 
cation has  done  good  or  harm,  with  some  considerable  certainly,  pro 
vided  the  operator  is  sufficiently  familiar  with  the  normal  pulse  of  the 
patient,  Thib  familiarity  can  only  come  from  previous  acquaintance. 
A  stranger,  seeing  a  patient  for  the  first  time,  and  treating  him  by 
etcclficity,  is  quite  likely  to  be  deceived.  The  pulse  may  be  over-excited 
hy  the  mere  coming  in  of  a  new  physician,  or  by  the  thought  or  dread 
of  tlectricity.  Thus  the  value  of  the  pulse  as  a  means  of  determining 
the  degree  of  the  ill  effects  of  an  appHcatJon  is  much  diminished.  As  a 
test  of  the  good  effects  of  electricity,  it  Is  much  more  worthy  of  trust 

6.  Chiili/tcss  and  ether  Nen^ous  Setisa/iorts,- — An  application  which  has 
been  made  injudiciously  may  be  followed  almost  immediatly  by  a  feeling 
of  chilliness,  as  though  the  patient  had  taken  cold.  There  may  be  also 
a  stiffness  of  the  neck,  and  pain  on  turning  the  back,  as  though  the 
patient  were  rhetnuatlc,  and  beat  aud  burning  in  the  spine,  and  crawling^ 
creeping,  pricking,  stinging,  sensations  in  the  face,  down  the  back,  and 
on  the  limbs  and  other  parts  of  the  body. 

These  sensations  are  not  due  to  a  cold^  as  is  somettincs  supposed, — 
for^  except  dirough  gross  carelessness,  patients  do  not  take  cold  during 
an  application  of  electricity, — but  they  are  merely  nervous  sensations,  of 
an  hysterical  character,  precisely  like  the  symptoms  described  under 
hysteria  and  allied  affections,  and  are  due  to  over-irritation  of  the  spinal 
cordf  and  perhaps  also  of  the  sympathetic  They  more  frequently  follow 
faradiiiation  than  galvanization,  especially  when  a  hard,  rough,  unpleasant 
current  is  used,  lliey  appear  only  in  the  exhausted  and  neurasthe- 
tiic,  and  most  frequently  in  women. 

7.  A  fetiing^f  Soreness^  Stiffness^  and  a  duU  Aehing. — These  yttA% 
tioo&  are  ctusely  allied  to  those  described  in  the  preceding  paragraph 
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they  aic  the  result  of  over  ifHtatioD  of  the  nerve-centre;  the  sorencsi 
th^  is  fcU  HI  the  muscte&  after  severe  fajadbation  is  somewhat  tike  tJial 
which  is  experienced  after  violent  exercisiG  in  the  gymnasiuoi,  on  skate? 
or  on  horseback. 

The  dull,  aching  pain  through  the  whole  body  is  like  the  sensation 
that  is  experienced  after  taking  cold.  It  is  a  piiruly  nervous  sensation 
an  I  is  caused  by  over-irritation  of  the  spinal  cord  One  patient  ivhoiu  we 
treated  for  an  exhausted  and  irritable  condition  of  die  cord,  resulting 
from  cerebro-spinal  fever,  persisted  that  every  application  caused  him 
to  **  lake  cold," 

8.  Profuse  Perspiratwn. — Gentle  perspiration  is  one  of  the  good  effecu 
of  eleclrbatioo  ;  it  is  observed  both  after  general  and  local  treatment. 
But  profuse  perspiration  of  any  part,  as  the  head,  or  one  of  the  limbs, 
or  of  one  side  of  the  body,  or  of  the  whole  body,  occurring  during  a 
stance,  or  directly  fotlowing  itj  is  a  bad  symptom,  and  indicates  over- 
irritation.  In  some  hyper-sensitive  conditions  profuse  perspiration 
may  a]>pear  under  a  very  luild  current^  and  at  the  outset  of  the  appli- 
cation. We  have  known  a  paralyzed  arm  in  hemiple^i^  break  out  with 
abundant  perspiration.  In  cases  of  cerebral  and  spinal  irritation  we 
have  known  the  forehead  and  die  hands  to  perspire  freely  during 
the  application.  Some  constitutions  are  speciatly  impressible  in  this 
regard.  We  once  treated  a  case  of  paralysis  of  the  bladder  by  external 
galvanization  ;  the  patient  was  of  the  average  strength  and  health,  but  in 
less  dian  five  minutes  his  whole  body  was  as  freely  perspiring  as  in  tl^c 
hotest  summer  day.  Nausea  and  faintness  also  came  on  and  stopped 
the  application, 

9.  Prohmx^d Reaftwn  of  tht  Nervis of  Spedal  Stnse, — In  thesectioi: 
devoted  to  Electro-Physiology,  we  have  seen  that  the  nerves  of  specia. 
sense,  the  auditory^  the  olfactory,  the  0[)htlialmtc  and  the  gustatory 
nerves,  all  have  their  special  and  peculiar  reactions  lo  cicctiicily. 
These  reactions  are  normal  and  j^hysiological,  but  in  degree  and  variety 
they  are  greatly  influenced  by  temperament.  These  reactions  are^  or 
the  part  of  the  auditory  nerve,  hissing,  rushing,  boiling,  seething  sounds  ; 
on  the  part  of  the  ophthalmic  nerve  and  retina,  flashes  of  lijj^ht;  on  the  part 
of  the  olfactory  nerve,  under  a  powerful  and  painful  current,  peculiar 
phosphoric  or  ozonic  odor ;  on  the  part  of  the  gustatory  nerve,  an  acid 
or  coppery  caste.  For  the  great  majority  of  temperaments  in  health  or 
disease,  these  reactions  disappear  with  the  cessation  of  the  application  ; 
but  where  there  is  special  susceptibility  to  the  electricity,  or  when  very 
severe  or  prolojiged  appli  cations  have  been  made,  some  of  these  reactions 
may  continue  for  hours  or  days*    Thus  we  have  known  pauents  tc 
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coiDplain  of  the  peculiar  taste  in  the  mouth  two  or  three  days  after  an 
application.  The  buzzing  in  the  ears  also  <lodS  not  always  stop  when 
the  current  is  opened,  prolonged  flashes  before  tlie  eyes  are  ^melimes 
noticed,  though  but  rarely.  Prolonged  reaction  of  the  olfactory  nerve 
we  have  never  observed 

Wc  call  these  prolonged  reactions  evil  effects,  because  they  appear 
in  very  susceptible  pfttients,  or  after  careless  procedures,  and  are  uam- 
&lly  accompanied  by  other  effects  that  ore  unmistakably  cviL 

jyistutbances  of  the  Menkes  of  Alotion  and  Common  Sensaiiori^—AJndci 
this  head  we  include  hyperaesthesia,  general  or  local,  that  an  overdose  of 
eleclrizatioD  sotnetunes  produces  in  nervous  and  hysterical  paCientSp  or 
the  opposite  condition  of  anaesthesia  and  muscular  spasms^  contractions 
and  rigidity.  These  phenomena  are  not  frequent,  but  in  rare  instance! 
they  have  been  observed ;  muscular  spasna,  where  it  aheady  exists,  may 
be  aggravated  temporarily  by  electricity. 

ffygimt  of  J^aiU/i/s  irfUr  the  Appiicati0m,  —  V^\k^i^\^  who  arc  strong, 
and  are  treated  for  puteiy  local  troubles,  may  be  entirely  indifTerenl  io 
regard  to  their  behavior  after  electrical  applications  ;  they  may  exercisr 
brain  or  muscle,  or  remain  idle,  as  may  be  convenientj  and  the  improve- 
ment under  the  treatment  w^ll  go  on  just  the  same.  But  delicate 
[^(ient&  who  are  treated  for  grave  conditions  of  debility,  and  especially 
females,  do  belter  to  avoid  exertion  after  an  application  :  better  for  (hem 
to  sit  awhile,  or  rest  on  a  lounge,  and  if  they  are  treated  in  bed  to 
remain  there  ;  and  this,  we  believe^  i$  another  advantage  in  treating  such 
cases  just  after  retiring. 

If  any  fancy  they  take  cold  as  2  result  of  an  application,  it  is  a  pure 
fancy,  or  it  is  the  nervous  chill  chat  sometimes  follows  over-electrization, 
rjT  it  is  the  result  of  exposure  in  a  cold  room  while  undressing, 

Cumulath*e  action  &f  Ehciriciiy.—Ax  sometimes  happens  in  the  treat- 
mer.t  of  a  painful  and  tender  nerve,  that  a  sudden  shock  is  felt,  after 
the  electrodes  have  been  a  long  tiu^e  in  position,  even  when  the  cuitent 
is  very  mtld  and  is  scarcely  felt  on  the  surface. 

A  medical  friend,  who  by  our  suggestion  treated  a  case  of  ulcer  of 
the  stomach  by  the  galvanic  current,  informed  us  that  a  very  mild 
cuireni  from  a  few  zinc  carbon  ceUs^  which  gave  no  burning  sensation 
on  the  surface  whatever,  would^  after  the  electrodes  had  been  kept  in 
position  a  few  [ninutes,  one  on  the  epigastric,  and  the  other  on  the 
back,  cause  all  of  a  sudden  and  without  any  warning  a  painful  shock, 
as  though  a  strong  current  had  been  suddenly  interrupted  m  the 
metallic  part  of  the  circuit.  This  phenomenon  occurred  so  often  thai 
be  abandoned  the  treatment. 
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We  have  occasionally  made  the  same  observation  on  other  parts  of  the 
body.  Thus,  in  a  case  of  sciatica  that  we  were  treating  by  tlie  galvanic 
current — one  pole  on  the  course  of  the  nerve  below  the  trochanter, 
and  the  other  on  the  back^ — only  a  very  sltght  sensation  was  felt  foi 
two  or  three  minutes,  when  all  at  once  the  patient  gave  a  jump  as 
though  shocked  by  a  powerful  current,  A  number  of  times  during  the 
seance  the  ejcperinient  was  repeated.  Every  pains  was  taken  to  avoid 
error  by  assuring  ourselves  that  the  current  was  actually  running  all  the 
timC)  and  diat  there  was  no  actual  interruption* 

This  cumulative  action,  if  we  may  call  it  such — ^would  seem  to  be 
somewhat  analogous  to  the  cumulative  action  of  strychnine  and  some- 
Other  remedies.  The  rationale  of  it  is  iu  the  present  state  of  oui 
knowledge  hard  to  determine.  It  may  be  tliat  as  the  skin  becomes 
more  and  more  moistened^  its  conductivity  so  increases  tliat  a  portion 
of  the  nerve  is  traversed  by  the  current  which  at  first  w^as  not  touched, 
and  that  this  physical  explanation  is  sufRcient.  It  may  be  that  the 
nerve,  already  in  an  irritable  condittonj  may  have  its  irritability  so 
gready  increased,  that  it  develops  it  suddenly  under  continued  though 
mild  stimulation.  We  have,  as  yet,  no  evidence  that  such  shocks  are 
specially  hannful,  although  they  are  unpleasant  and  startling.  They 
can  be  avoided  as  a  rule  by  shifting  the  electrodes  every  moment,  so 
as  to  avoid  a  long  irritation  of  any  one  spot. 

Incr^asi^d  Toleration  of  EUetriaty. — The  system  can  become 
habituated  to  electricity  just  as  it  becomes  habituated  to  alcohol,  or 
opium,  or  any  other  potent  remedy.  After  a  long  course  of  treat- 
nientj  extending  over  several  niondis,  nearly  all  patients  bear  very 
much  Jonger  and  stronger  applications  than  at  first.  This  is  observed 
In  those  whose  sensitiveness  to  electricity  is  at  first  extreme.  It  is 
not  therefore  necessarily  a  discouraging  fact  if  at  the  outset  of  a 
course  of  treatment  very  gentle  currents  and  very  short  sittings  are 
required. 

Tlu  T^mftramtnt^  as  wU  as  the  UUease^  to  he  £&nsid£red  in  using 
MUctricUy. — There  are  individuals  whom  electricity  always  injures,  the 
only  diiference  in  the  effect  on  them  between  a  mild  and  a  severe 
application  being,  that  the  former  injures  less  than  the  latter.  There 
are  patients  upon  wliom  all  elecLro-therapeiiticai  skill  and  experience 
are  wasted  j  their  temperaments  arc  not  en  rapport  with  electricity. 

It  matters  not  what  may  be  the  special  disease  or  symptoms  of 
disease  from  which  they  su^er — paralysis,  or  neuralgia,  or  neurasthenia, 
or  hysteria,  or  affections  of  special  organs — the  immediate  and  the  per- 
manent effects  of  galvanization  or  faradizatinn,  general  or  localized, 
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(ire  evil  and  only  evil  We  have  not  arrived  at  ihis  opinion  by  theori/mg ; 
we  have  been  driven  to  it  by  the  accumulating  and  iricsistible  logic 
ijf  facts.  The  first  query  that  arises,  in  the  mind  of  the  electro  thera- 
(HTUtist,  when  a  case  under  his  care  responds  badly,  is,  "  Am  t  rightly 
using  this  remedy  ;  am  i  making  the  application  too  long  or  too 
severe,  or  by  improper  methods?  Woiitd  a  change  of  current  be  de- 
sirable?" But  after  we  have  tried  all  electrical  applicaitt^ns  ;  aft<.'r  we 
have  gone  from  galvanism  to  farad  ism,  from  general  to  localized  clcC' 
triiaiion,  from  long  and  severe  to  short  and  gentle  treaTtncnis;  after  wc 
have  rung  the  changes  on  all  these,  and  yet  per&islentiy  aggravate 
rather  tlian  mollify  the  disease,  and  instead  of  strength  and  relief,  pro- 
duce weakness  and  distress,  and  instead  of  calmness  ca^ise  irritation, — 
then  we  have  only  to  make  as  graceful  a  retreat  as  )iossible,  and  put 
that  patient  down  as  a  case  that  was  not  bom  to  be  treated  by  elec- 
tnciiy.  We  have  no  explanation  to  offer  of  the  phenomenon  ;  and  the 
popular  belief  or  supposition,  that  the  excess  or  deficiency  of  animal 
electricity  has  something  to  do  with  these  matters,  is  as  undenionstrable 
as  it  is  plausible  ;  he  who  should  attempt  to  prove  or  disprove  it  would 
find  he  had  undertaken  anything  but  an  easy  task>  It  would  seem  to 
come  in  the  list  of  those  strange  butfamiliar  likes  and  dislikes  in  regard 
lo  certain  articles  of  food  or  dnnfc,  or  of  certain  sights  or  odors.  We 
know  of  no  physiognomical  or  rather  external  appearances  by  which 
to  determine  whether  a  patient  dues  or  does  not  belong  to  the  unfor- 
tunate few  who  can  have  no  lot  or  share  in  electro-therapeutics.  The 
strt^ngest  equally  with  the  weakest,  the  plethoric  and  the  enervated, 
&rc  found  among  these  Gentiles  of  science. 

The  reverse  proposition,  that  there  are  certain  constitutions  for 
which,  by  whatever  form  of  chronic  disease  they  may  be  afflicted,  elec- 
tricity is  always  indicated,  is  equally  true.  There  are  patients  who 
find  in  elecrrical  treatment  almost  a  specific.  Whether  they  siifTerfrom 
dyspepsia  or  neurasthenia,  from  hy?.toria  or  diseases  of  special  organs, 
rheumatism  or  neuralgia,  clectriyiation  always  relieves  ihcin  up  to  a 
certain  point,  at  least,  if  it  does  act  positively  cure.  TA^  broad  faH  to 
i't  unJrr stood  is^  r/iaf  if  is  twi  sa  much  ihe  disfase  or  the  symptoms^  as 
the  iemperament  that  indicates  or  con fraift dilates  cicctrisathn^ 

While  some  chronic  diseases  are  more  amenable  to  electricity  thfin 
others,  among  all  patients  there  are  individuals  to  whom  it  is  a  matter 
of  indifference  wliat  sjiecial  afTectioii  they  may  suffer  from  ;  so  long  as 
improvement  in  local  and  general  nutrition  Is  indicated,  they  will  be 
benefited  by  electrical  treatment. 

To  all  this  it  should  be  added  that  sotne  persons  are  indifftrtnt  to 
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electn'citv-— they  can  bear  almost  any  strength  of  either  current  vcr> 
frequent!)'  and  for  long  a|>plicaEioTis,  without  experiencing  any  effect 
either  good  or  evil.  Electricity  may  be  poared  over  them  in  Utnilles^ 
measures  ;  they  may  be  saturated  with  it,  and  they  may  come  out  froni 
the  applications  not  a  whit  better  or  worse.  Patients  who  are  quite 
delicate  and  sensitive  eJ<hil)it  this  supreme  and  provoking  indifference 
to  eTeclrtcity.  We  are  inclined  to  believ^c  also  that  patients  vary  in 
(heir  suscfptibility  i&  electricity  at  different  iimes  f^f  life.  StiRccplibiHty 
to  stimulants  and  narcotics  oftentimes  undergoes  strange  mo<lifications 
during  the  lifetime  of  an  individual.  Those  who  at  one  time  cannot 
drink  coffee,  sometimes  find  that  a  few  years  so  modify  (he  tempera- 
ment that  they  can  drink  it  with  absolute  freedom,  and  vice  versa. 
Similarly,  also,  alcoholic  liquors  act  in  a  most  capricious  way,  some- 
times benefiting,  at  other  times  injuring  even  when  nearly  all  the  other 
conditions  except  age  are  the  same.  Idiosyncrasies  in  regard  to  cer- 
tain articles  of  food  are  by  no  means  constant  through  life— ihey  may 
change  either  way,  and  that  too  in  the  course  of  a  few  years ;  they 
may  be  modified  by  febrile  or  other  diseases  that  revolutionize  the 
system,  or  by  resitlence  in  various  climateSi  or  by  mere  lapse  of  years. 
Analogy  would  lead  us  to  suppose  that  susceptibility  to  electricity  might 
also  be  thus  modified,  and  our  observalions  seem  to  convince  us  that 
such  IS  the  case. 

We  are  further  inclined  to  believe  that  susceptibility  to  electricity, 
favorable  and  unfavorable,  like  ail  other  constitutional  tendencies,  is 
subject  to  tlie  laws  of  hereditary  descent,  and  runs  in  fanjilies.  Wc 
have  treated  by  electricity  three  members  of  the  family  of  a  physician, 
who  are  afflicted  with  quite  diverse  maladies,  but  alt  of  whom  not  only 
improved  under  the  treatment,  but  can  be  electrized  with  great  freedom 
by  either  current ;  and  yet  rone  of  them  are  strong,  and  two  of  them 
jre  delicate. 

On  the  other  hand,  we  have  treated  families  where  several  of  the 
members  are  so  susceptible  to  the  electric  current  that  the  application 
must  be  made  with  great  care  lest  unpleasant  results  occur.  We  are  fulli^ 
convinced  also  that  the  pro^xirtion  of  those  who  do  mt  bear  electricity 
well  is  larger  among  th  s  higher  than  among  the  lower  classes  \  in 
hospital  and  dispensary  practice,  the  number  of  patients  who  exhibit 
excessive  susceptibility  to  the  electric  treatment  is  quite  limited^  whereaj 
in  private  practice,  among  the  intellectual  classes,  one  out  of  five  oi 
ten,  take  the  cases  as  they  niUf  must  be  treated  with  very  considerable 
caution,  lest  disagreeable  symptoms  arise. 

Reiaiioft  of  Electf  -^-sHSceptivity  to  jPr&^tf sis. —Between  electro-suscep 
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twity  and  prognosis  there  would  appear  to  be  no  constant  relation.  One 
l>aiLenl  may  be  extrcnitrly  suscepiible  to  electricity,  and  another  capable 
nf  bearing  it  in  large  doses,  and  both  shall  be  benefited.  If  there  be 
any  taw  in  the  nianer  it  is  ihis,  that  tho^e  who  occupy  the  mediiin> 
ground,  who  arc  neither  specially  sensitive  nor  the  reverse — offer  tht 
best  ])tognosis  under  elL-ctrical  treatment.  It  is  equally  sure,  however, 
tlut  those  who  are  exceedingly  sensitive  may  become  so  tolerant  of 
the  remedy  as  tn  derive  great  benefit  from  it  For  this  reason  wc 
should  not  be  discouraged,  even  by  exLreriie  electrosensibility  or 
electro  susceptibility  in  our  patients. 

The  most  provoking  class  are  those  who  cannot  be  influenced  in  any 
way  by  eleciHcuy,  but  ^vho  can  even  from  the  very  first  receive  it 
in  cnomious  dosea  without  showing  or  feeling  any  good  or  evil  effect, 
and  yet  even  such  cases  may  by  protracted  treatment  be  benefited. 

/^fi^arff for  A^e.—\Vi  the  appOTtioning  of  the  dose  of  electricity  lh< 
only  general  rule  to  be  considered  is,  that  the  ei:trenies  of  Irfe — the 
very  young  and  the  very  old — demand  rather  more  caution  than  tliose 
in  youth  and  middle  life.  It  is  not  however  necessary  to  divide  the 
.loses  of  elecrHctty  for  infants  and  children,  as  we  divide  the  doses  of 
ordinary  medicines  ;  children  from  three  years  down  to  three  mouths 
•nd  even  younger  may  he  treated  by  general  faradisation  and  central 
galvanization  almost  as  freely  as  adults.  On  theorelical  confiiderations, 
and  in  ordtT  to  t)c  on  the  safe  side»  we  do  not  usually  treat  verj'  young 
children  as  long,  or  with  as  strong  currents  as  adults,  nor  cjuite  so 
frequently,  bur  we  have  not  often  seem  any  especially  bad  residls  from 
quite  prolotiged  applications^  provided  mild  currents  are  used.  The 
rule  is  lo  give  (he  averag'e  baby  about  half  as  nuich  treatment  as  the 
average  adttlt.  Children  cry  when  the  current  hurts  them,  and  this  to 
the  mtrcifid  ])hysician  operates  as  a  check  against  over  closing  them. 

Very  old  patients  —  between  seventy  and  ninety — need  to  be 
treated  with  reasonablcj  but  not  extreme  caution.  The  moderately 
aged — between  fifty  and  seventy — often  bear  electricity  better  than 
thof^e  in  the  more  active  period — between  twenty  and  fifty. 

Regard  ffrr  Sex. — As  a  rule  females  are  somewhat  more  susceptible  to 
electricity  than  males,  and  require  to  be  treated  with  greater  caution  ;  not 
that  there  is  any  difference  of  susceptibility  of  the  sexes,  but  because  in 
civilization  woni.in  is  more  delicate  than  man,  and  more  readdy  influenced 
for  goo<l  or  evil,  by  all  remedies  and  systems  of  treatment.  But 
although  the  law  that  woman  U  mor^  impressible  than  man  holds  well 
on  the  average,  yet  the  individual  exceptions  are  very  numerous. 
Some  women— even  those  who  are  exquisitely  delicate — can  bear  cnor 
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inous  ttoses  of  electricity,  while  some  men  who  are  very  haitly  can  beai 
none  at  all.  The  rule  however,  is  constant  enough  to  make  it 
advisable  always  to  begin  the  treatment  of  delicaie  females  with  con- 
stdijrablc  cautiuti. 

The  higher  susceptibiJity  of  women  to  electrical  influence,  makes 
them  yield  more  rapidly  than  men  lo  the  treatmciit,  when  it  suits  the 
tempcrnnient  and  disease,  and  hence  it  is  that  many  of  the  most  dt^liyluful 
results  of  general  faradization  and  central  galvanization,  have  becD 
obtained  in  nerirastlienic,  anemic,  hysterical  women. 

The  menstrual  (jeriod  in  women  does  not  contralndicate  electrical 
treatment  at  all,  but  on  considerations  of  delicacy  the  operations  of 
general  faradization  and  central  galvanization  cannot  well  be  performed 
aL  that  litne.  Local  applications  to  the  periphery  can  be  juade  wnihout 
regard  to  the  menses. 

Regard  Jar  the  MeiM  of  Afpiicaiwn  and  ihe  Skili  of  ike  KUctro- 
therapeutist.— \\  is  not  electricity  in  the  abstract,  but  electrization^ — that 
is,  electricity  applied  to  the  body — that  cures  disease.  Everything,  there- 
fore, depends  OHithe  method  of  application.  Patients  frequently  say  ihdt 
they  have  tried  electricity"  and  it  did  no  good.  We  hare  long  &ince 
ceased  to  pay  any  heed  to  snch  statements,  or  to  allow  them  to  influ- 
ence our  prognosis,  unless  it  is,exi5ressly  slated  who  gave  the  electrical 
treatment,  what  methods  were  employed,  and  how  faitlifully  the  treat- 
ment was  carried  out.  Some  of  the  best  successes  we  have  are  gained 
with  patients  who  have  tried  electricity"  and  fotind  it  wanting. 
What  should  we  thinlc  of  a  patient  afRicted  widj  a  broken  leg  who 
should  say  that  he  had  **  tried  surgery,"  and  it  had  failed  to  set  die 
bone?  Would  we  not  ask,  "What  surgeon?  VV^as  he  a  pretender,  or  a 
man  of  science?  And  did  he  have  a  fair  chance?"  It  is  [possible,  evco 
if  good  treatment  at  the  hands  of  good  men  failed  some  time  agOj  that 
the  conditions  may  now  be  so  altered  that  the  same  or  different  treat- 
ment      be  successful. 

It  is  not  the  remedy,  it  is  the  manner  of  using  it  that  determines  its 
value.  There  is  as  much  difference  in  electro-therapeutists  as  there  is 
in  general  snrgeons,  ophthalmolotogists,  or  anrists,  or  gynecologists,  or 
obstetricians.  In  the  ranks  of  those  who  use  batteries  are  all  grades 
of  genius,  and  lack  of  genius,  especially  the  latter.  In  electro-thera^ 
peurics  two  currents  are  used,  and  six  differeni  methods  of  afiplication, 
nod  these  methods  are  all  capable  of  indefinite  variations,  dependent 
on  the  taste,  skill  or  experience  of  the  electrO'therape;itist.  When  one 
mode  of  application  fails,  another  may  succeed ;  when  one  electro- 
therapeutist  fails  with  any  mode  of  application,  another  with  the  same 
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mode  of  application  may  succeed.  And  yet,  patients  with  some 
obscure  disease,  that  requires  ihe  best  diagnostic  as  well  as  Uierapeutic 
skill,  who  have  had,  perhaps,  half  a  dozen  applications  of  the  tnagneto- 
eleciric  or  rotary  machinL-s,  at  the  hatids  of  some  stupid  scrvant-girK 
declare  that  they  have  tried  electricity."  As  well  might  a  sailor 
whose  broken  bone  had  been  badly  set  at  sea  by  a  comrade  before  the 
luast,  declare  that  he  had  **  tritd  surgery." 

The  Differential  Prognosis  of  Accidental  and  Hereditary  Dise^se^ 
under  Eieetrieai  Treatment, — The  prognosis  of  any  case  under  electrical 
Ircatiiieni  depends  more  on  the  time  that  the  disease  has  been  existing 
than  on  the  nature  of  the  disease  itself.  Very  grave  and  severe  symp- 
toms of  the  most  threatening  character  yield  promptly,  when  they  are 
reeenty  and,  so  to  speak,  accidental^  while  mild  and  nameless  synjptoms, 
that  appear  to  be  of  the  most  tripling  character,  when  long  fitanding,  and 
especially  when  they  are  inherited,  may  be  exceedingly  obstinate.  It 
becomes  ihcTt-fare  of  rhe  first  imijortance  to  inquire  how  long  the  mor- 
bid symptoms,  or  other  fiyn>ptoms  allied  to  them,  have  been  existing  Id 
the  patient*  before  making  a  prognosis.  This  principle  applies  to  all 
di>eases  for  which  electricity  is  ejnployed.  It  is  illustrated  in  a  most 
interesting  manner  in  hysteria  and  atllcd  affections;  If  two  cases  prc- 
scut  themselves,  both  su(Teriiig  from  symptoms  of  hysteria  and  neuras- 
thenia, but  in  one  case  the  symptoms  are  a  life-long  heritage,  while  in 
ihe  other  they  have  arisen  recently,  atid,  so  to  speak,  aecidenlally, 
the  prognosis  in  the  latter  case  is,  other  conditions  being  the  saair,  con- 
sequently more  favorable.  Even  if  the  symptoms  in  the  recent  case  be 
>f  a  severer  type,  the  prognosis  may  be  nmch  better  than  in  the  inher- 
ited case.  On  this  account  it  becomes  necessary  to  inquire  with  dili- 
gence, and  repeatedly,  of  the  patients  and  of  their  friends,  in  order  to 
see  whether  any  aUied  sym[)tonxs  have  been  their  portion  through  life, 
and  whether  the  special  disturbances  for  which  they  require  treatment 
are  simply  branches  cf  a  great  tree  of  disease  that  has  grown  up  in  them 
from  the  moment  of  their  inception. 

When,  for  example,  a  patient  appears  with  sciatica,  or  tic-douloureux, 
it  is  not  enough  to  learn  how  long  that  particular  symptom  has  dis 
Iresscd  him  in  the  present  attack.  The  questions  to  be  asked  are  : 
Has  he  ever  at  any  period  of  his  life  had  this  or  any  other  form  of 
neuralgia?  Is  he  of  the  nervous  diathesis ?  Have  his  po rents  or  any 
of  his  near  relations  suffered  from  neuralgia,  or  from  any  disease,  or 
symptom*  of  disease  that  arc  allied  to  it  ?  On  the  answers  given  to  these 
queries  will  depend  otir  probable  prognosisj  not  only  as  to  the  rapidity 
of  relief  under  electrical  treaunent,  but  also  as  to  its permanetuy. 
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Inherited  tliseastrs  are  inclined  to  relapse  :  the  symptom  ma/  givt 
way,  apparently,  before  the  force  of  treatment,  but  may  reappear  a& 
easily  a^  ii  disappeari^dt  even  whiU  the  treatment  is  cqntinued. 

After  Effeds  of  Eiecirual  TreatmmL—li  is  a  fact  well  recognised 
ihat  the  tonic  effects  of  a  tiip  to  Europe,  or  to  the  tuountains,  or  of 
a  short  vacation  anywhere,  or  at  any  season*  are  frequently  but  little 
appreciated  while  the  patient  ii>  travelling  or  rtjcrcating ;  but  a(>i>caf 
days,  we«ks,  and  months  subsequently.  A  debilitated  man  may  receive 
no  strength  while  on  the  ocean,  or  at  the  hotels  or  farm-house  in  th^ 
country,  may,  indeed,  seem  to  grow  weaker  instead  of  stronger,  and 
may  become  disheartened  thereby,  but  on  his  retnrn  to  his  dutit^s  heaUh 
may  gradually,  perhaj>^  imperceptibly,  come  to  him,  and  he  may  expen* 
ence  a  renovarion  and  a  recuperation  that  can  only  lie  explained  as  the 
after  effects  of  his  vacaLtont 

It  tSf  perliaps,  not  so  well  recogni/ed  tt^at  tonic  remedies^  and  s^ystcms 
of  treatment  of  various  kinds,  may  act  just  in  the  same  way.  Not  only 
the  evil  but  the  good  effects  of  nitdicines  may  be  cumulacive.  We  may 
see  this  principle  illustrated  iu  tlie  administration  of  quinine,  strychnine, 
arsenic^  phosphorus,  and  iron. 

Electricity  obeys  the  same  law,  and  in  certain  constitutions,  and  cer- 
tain sUtes  of  the  system,  especially  those  of  debility,  it  does  little  or 
noUiing  that  the  patient  can  see  or  feel  during  the  treatment  itself, — 
but  prepares  (he  way  for  a  perfect  and  permanent  recovery.  We  have 
seen  this  principle  illustrated  in  a  large  variety  of  cases  of  chronic  dis- 
ease. The  practical  lesson  that  we  are  to  derive  from  this  is  to  en- 
courage patients  who  do  not  feel  fully  satisfied  inith  the  progress  that 
ihey  make  while  under  treatment^  to  watch  closely,  if  possible,  their 
career  long  after  treatment  is  abandoned, 

Ekctrhatwn  in  its  Rfiutmis  io  oiher  F&rms  of  TrtatinenL — The  ques- 
tion, so  often  asked,  whether  electrical  treatment  will  interfere  with 
internal  medication,  or  with  gymnastics,  the  Russtan,  Turkish  or  other 
baths,  and  so  forth,  is  very  easily  answered.  It  harmonizes  with  all  othf:i 
tonic  remedies,  and  methods  of  treatment  that  are  ennpioyed  for  the 
common  purpose  of  relieving  pain^  or  building  up  broken-down  coustU 
cutions. 

Except  in  cases  where  we  wish  to  experiment  and  learn  the  C'jfrapcu- 
tical  value  of  electricity  by  itself  alone,  uncomplicated  with  odici 
healing  factors,  it  is  a  positive  advantage  oftentimes  to  employ,  at  the 
same  time  with  electricity,  external  or  iniemal  medication  of  v;iitou* 
kinds.  So  far  as  we  now  know  there  is  no  miidicine  that  \%  incom 
patible  with  electricity*    There  is  no  evidence  that  any  remedy  has  anj 
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flpecific  recnforcing  effect  upon  electricity,  such,  for  example,  fiscertBitl 
stirnulnnts  Imve  an  hydrate  of  chloral.  Some  of  ihe  best  therapeutical 
results  are  obtained  from  a  combination  of   electrical   with  other 

treatment. 

Oft  th€  Use  of  ElectricUy  by  the  LaUy, — Even  at  this  advanced  stag* 
of  electro  therapeutics,  it  seems  to  be  necessary  to  constantly  warn  the 
profession  against  indiscriminately  intrusting  the  details  of  electrical 
applications  to  the  nurses,  friends  of  patients,  and  the  patienu  them- 
selvifs.  Having  just  rescued  this  department  from  the  hands  of  the 
laity,  and  given  it  a  position  among  men  of  science,  it  seems  strange 
that  those  physicians  who  are  familiar  with  the  subject  should  even  now 
use  thuir  influence  to  rcUirn  it  to  the  people  at  whose  hands  it  for- 
merly  sufTtjrtid  so  much;  to  restore  it  to  the  captivity  of  prejudice  an^* 
ignorance. 

The  temptation  on  the  part  of  the  people  to  use  electricity  them- 
selves, and  on  the  part  of  the  profession  to  allow  them  to  do  so»  is  very 
strong.  The  majority  of  physicians  know  little  more  of  electro-thera- 
peutics than  their  patients.  Some  have  a  theoretical,  but  not  a  practical 
acquaintance  with  it  Then  there  are  those  who  are  weJl  practised  in 
the  an,  but  are  too  closely  occupied  to  employ  it.  They  have  no  ap- 
paratus, or  if  they  have  any  it  is  very  likely  out  of  order.  Perhaps  no 
specialist  is  accessible,  or  the  patient  is,  or  is  supposed  to  be,  too  poor 
to  employ  one.  The  physicianj  forgetting  that  it  is  not  electricity,  but 
electrisation  that  cures  disease,  forgetting  that  there  are  two  kinds  of 
cJcctricity  in  common  use,  and  six  different  methods  of  appUcation, 
every  one  of  which  is  capable  of  various  modifications,  forgetting  that 
there  are  certain  temperaments  diat  will  not  bear  electricity,  however 
applied,  and  that  there  are  others  who  must  be  treated  at  first  with 
great  skill  and  caution^  and  on  whom  the  currents  and  methods  em* 
ployed  must  be  studiously  varied  during  a  course  of  treatment,  in 
short,  forgetting  that  electro-dierapeutics,  considered  as  a  science  or  an 
art*  is  wondiduUy  complex  and  exacting,  orders  the  patient  to  *^  get  a 
baiUry  and  try  eUdrtdiy." 

This  prescription  is  usually  carried  out  in  the  following  manner  :  An 
old  magneto-electric  machine  (rotary)  is  trumped  up  from  some  neigh- 
bor's garret,  where,  after  having  failed  to  cure  any  member  of  the  family, 
it  has  been  nisting  for  years.  If  the  patient  be  wealthy,  perhaps  a  new 
faradic  machine  is  ordered,  that  gives  a  harsh,  rough  current,  and  when 
applied,  drives  the  patient  to  despair.  The  friends  of  the  patient  arc 
bored  with  the  request  of  the  patient  to  apply  electricity,  and  only  hall 
do  their  duty  ;  consequently  the  patient  tries  to  make  the  application 
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to  Mmself,  and,  of  necessity,  makes  awkward  work.  Pretty  soon  the 
metals  become  corroded,  and  the  current  ceases  to  flow,  and  the  battery 
is  soon  consigned  to  the  closet  or  garret,  where  it  will  do  no  harm, 
and  probably  as  much  good  as  in  the  hands  of  the  patient. 

This  picture  is  not  drawn  from  fancy ;  it  is  a  picture  of  genuine  and 
Sequent  experience. 

Abbreviations  used  in  Eleeiro-llierapeuties, — It  is  a  decided  con- 
venience and  saves  much  time  in  recording  cases,  in  giving  private 
instruction,  in  public  lecturing,  and  in  conversation,  to  describe  elec- 
trical applications  by  abbreviations.  About  a  year  since  we  devised 
the  following  abbreviations,  which  have  been  used  with  satisfaction  in 
giving  private  instruction  and  in  conversation  with  our  assistants  and 
others  who  are  familiar  with  it,  and  in  records  of  cases  from  day  to  day. 
We  do  not  adopt  it  in  the  present  treatise,  for  the  reason  that  it  is  not 
yet  widely  known,  and  might  perplex  and  bewilder  die  reader  : 

L.  F,    Localized  faradization. 

L.  G.  "  galvanization. 

G.  F.    General  faradization. 

C.  G.    Central  galvanization. 

G.  B.    Galvanization  of  the  brain. 

G.  C.  S.         "         "  sympathetic 

G.  S.  "         «  spine. 

E.  Electrolysis. 

G.  C.  Galvano-cautery, 


CHAPTER  rV. 


COUPAKATIVB  VALUE  OF  THE  GALVANIC  AND  FARADIC  CURRENTS. 

Much  of  ihe  confiis  on  that  exists  concerning  the  differential  indicx 
tions  for  ihe  us<!  of  th^  galvanic  and  faradic  currents  arises  from  an  im- 
perfect or  erroneous  or  exaggerated  conception  of  the  distinction  in 
their  physical  and  physiological  effects.  The  general  belief  or  supposi- 
tion is,  that  there  is  between  them  a  radical  and  importanl  difference 
in  kind,  as  though  they  were  two  different  agents  or  forces. 

VVe  can  most  intelligently  compare  the  therapeutical  effects  of  the  two 
currents,  if  we  first  compare  their  physical  characteristics  and  their  phy- 
siological effects. 

By  referring  to  the  section  on  electro  physics,  it  will  be  seen  that  both 
currcnts-^jjadic  and  galvanic — are  capable  of  producing  chemical  de- 
composition, of  deflecting  the  needle  of  the  galvanometer^  of  producing 
sparks,  and  of  being  changed  into  heat.  Generally  speaking,  these 
effects  arc  produced  more  powerfully  by  the  galvanic  current;  but  in 
Gramme's  machines  we  shall  see  that  magneto-electricity  is  capable  of 
producing  great  heat  and  of  electroplating  on  an  enormous  scale. 

Both  currents  are  obedient  to  the  law  of  Ohin*  with  this  qualification, 
that  the  faradic  current  must  be  regarded  as  having  passed  through  a 
great  resistance. 

Faradic  and  galvanic  electricity  are  therefore  the  same  force — elec- 
tricity, only  each  variety  is  modified  by  the  nature  of  the  substanca 
through  which  it  circulates,  as  well  as  the  manner  of  its  production. 

Light  is  light,  whether  its  waves  are  shorter  or  longer,  and  in  spite  of 
interference  and  polarization^  and  whatever  may  be  the  color  that  it  ex- 
cites in  the  retina  ;  sound  is  sound,  whetlier  tts  undulations  move  slowly 
or  rapidly.  So  electricity  is  electricity,  however  generated  or  however 
modified  by  the  medium  through  which  it  moves;  and  all  forms  of  it^ 
ruAgnetism,  as  well  as  franklinism^  galvanism,  and  the  many  .'arieties  of 
faradisna,  are  merely  diiferent  expressions  of  the  oae  great  force— elec 
tiidty. 
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In  their  physhh^ical  effects  the  two  currents  approach  each  othei 
i-ven  more  closely.  It  is  true  that  the  phenomena  of  clectrotonos  have 
ODly  been  demonstrated  under  the  galvanic  current ;  but  it  is  not  pro  *ed 
that  similar  phenomena,  to  a  less  degree,  may  not  be  caused  by  tlie  faradic 
current,  and  every-day  experience  in  clectro-lherapeutic^  shows  that  vriih 
the  faradic  current,  as  with  the  galvanic,  the  positive  pole  is  the  more 
calming,  and  the  negative  the  more  irritating.  Both  currents  act  on  the 
skill  so  as  to  modify  the  circulation,  the  galvanic  having  a  greater  chemi- 
cal  effect  and  causing  a  feeling  of  burning,  while  tlie  fa/adic  causes  a  feel- 
ing of  stinging  and  pricking.  Both  currents  applied  to  the  brain  and 
spinal  cord  excite  con  tractions  of  peripheral  muscles.  Applied  Co  the 
sympathetic  both  currents,  according  to  the  degree  of  irritation^  cause 
contraction  or  dilatation  of  the  cerebral  vessels ;  the  faradic  producing 
the  ^aine  effect  as  the  galvanic,  only  more  slowly.  Applied  to  the  pneu- 
mogastric,  whether  cut  or  injuredj  both  currents  produce  about  the  same 
effects  on  the  heart.  Even  in  their  action  on  the  nerves  of  special  sense 
the  currents  approach  each  other  hx  more  closely  than  has  been 
supposed. 

In  temperaments  of  a  high  order  of  susceptibility  the  faradic  current 
jnay  so  excite  the  retina  as  to  cause  flashes  before  the  eyes,  and  may 
produce  a  metallic  taste  in  the  mouth,  and  even  the  auditory  nerve  re- 
sponds to  the  faradic  current,  though  less  distinctly  than  to  the  gEil- 
vanic  current,  and  without  the  peculiar  differential  action  of  the 
poles. 

Applied  to  motor  and  sensory  nerve  branches,  both  currents  and  both 
poles  cause  sensations  of  pricking,  tmgUng  and  numbness,  and  contrac- 
tions of  the  muscles  which  the  nerve  supplies.  Applied  to  voluniary 
muscles  both  currents  cause  contractions,  the  faradic  more  readily  than 
the  galvanic;  ap[iJied  to  involuntary  muscles  both  currents  cause  slow 
contraction  at  both  poles  and  in  the  intermediate  region.  The  electro- 
lytic action  of  the  faradic  current  on  the^  blood  or  on  the  tissues  of  the 
body  is  but  feeble  as  compared  wilh  that  of  the  galvanic  current ;  but 
yet  it  exists,  and  from  the  inner,  or  primarj'  coil,  is  easy  of  demonstration  ; 
and  yet  it  must  be  confessed  that  in  their  chemical  action  the  currents 
diverge  more  widely  than  in  any  other  physiological  effect. 

Over  nutrition  both  currents  and  both  poles  have  a  powerful  influence, 
the  faradic  acting  more  prominently  through  the  nmscular,  the  galvanic 
through  the  nervous  system. 

From  the  accumulating  results  of  experiments  and  experience  in 
electro-diagnosis  and  therapeutics,  we  think  that  there  is  strong  reason 
for  regarding  the  essential  distinction  in  the  effects  of  these  currents  on 
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(he  body  as  mainly  cf  ti^^n^^^ — prnclically  amounting,  it  is  true,  to  a 
difference  in  kind, — and  that  this  is  the  scientific  basis  for  their  differen- 
tial employment. 

In  the  form  of  localized  electrization  both  can  produce  muscular 
contractions  in  paralyzed  nmscleSp  and  relievi?  local  neuralgias;  both 
cause  absorption  of  abnormal  secretions  ;  and  both  can  directly  affecf 
the  bfain,  spinal  cord,  sympathetic^  and  all  the  internal  organs,  pro- 
ducing, in  different  degrees,  the  various  therapeutic  results  that  directly 
and  indirectly  flbw  from  electrical  excitation  of  these  parts.  In  the 
form  of  general  elecliization  both  currents,  besides  producing  most  of 
the  other  rr&idts  of  localized  electrization,  act  as  posvcrfutly  stiinnlating 
tonics*  and  thus  form  most  efilcient  aids  in  the  relit^f  and  cure  of  nerv- 
ous exhaustion^  nervous  dyspepsia,  constitutional  neuralgia,  and  of  a 
wide  range  of  nervous  diseases  associated  with  or  dej)endcnt  on  general 
debility. 

In  electro-surgery  both  currents  avail  to  disctiss  hitnors,  heal  ulcers, 
aed  hasten  absorption,  although  for  these  purposes  the  galvanic  is 
incomparably  the  more  effective. 

And  yet  the  difference  in  degree  between  the  effects  of  the  two  cur- 
rents is  so  marked  and  so  clearly  demonstrable,  as  to  be  practically 
equivalent  in  certain  instances  to  a  difference  in  kind,  and  to  give  very 
important  and  remarkable  advantages  to  one  current  or  the  other,  ac- 
cording to  the  indications  required. 

The  advantages  of  the  galvanic  over  the  faradic  are : — 

I,  A  greater  prnvtr  of  evermning  resistance.  It  therefore  affects  the 
brain,  spinal  cordj  and  sympathetic  more  powerfully  than  the  faradic, 
since  the  anatomical  position  of  these  parts  is  such  that  considerable 
resistance  must  be  overcome  in  order  to  directly  affect  them.  For  the 
same  reason  it  is  usually  to  be  preferred  when  it  is  desired  to  affect  the 
middle  and  interna!  ear,  the  retina,  and  the  muscles  of  the  eye. 

a-  A  p&tt^er  producing  muscular  c&ntmcthfts  in  cases  where  the 
faratiic  fails.  This  peculiarity  of  the  galvanic  current  has  now  been 
observed  so  frequently,  and  in  such  striking  instances,  that  it  has  be- 
come an  accepted  fact  of  electro-therapeutical  science.  Illustrative 
examples  will  be  given  in  the  sectioti  on  paralysis.  After  a  certain 
amount  of  triatment  by  the  galvanic  current  the  paralyzed  muscles 
frequently  resime  their  susceptibility  to  the  faradic 

3.  A  far  more  p&tent  eiecir&tonic,  electrolytic^  and  thermic  action. 
The  chemical  power  of  the  galvanic  eurretit  is  most  markedly  seen 
when  used  for  the  puq^o&es  of  galvano-catitery  or  electrolysis*  The 
superior  efficacy  of  the  galvanic  current  to  the  faradic,  so  oflen 
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observed  in  ihe  treatment  of  neuralgia,  of  atrophied  muscles,  rheiinria^ 
tisai,  IS  probably  due  to  its  greater  "  catalytic  action.  It  prohabl) 
induces  niore  rnptd  and  more  tni[)ortant  niolectilar  and  other  changes 
the  tissues.  This  superiority  of  the  galvanic  current  is  supposed  to  be 
due  tu  its  more  t^^fntinucus  duration  ;  it  moves  constantly  in  one  dlrec* 
tion.  and  l}ms  produces  more  powerful  electrolytic  effects  than  the  fa- 
radic  current  with  its  rapid  inlerrnptioiib  can  possibly  produce. 
The  advantages  of  the  faradic  over  the  galvanic  current  are  these  :— 
I,  By  virtue  of  its  frequntt  hit^rrtipftons  if  mare  e^tsHy  pr&du<es 
muscttlar  ccnfractiom  when  passed  m  fr  ihe  muschs  or  the  nerves  thai 
supply  tkem.  In  order  to  produce  full  muscular  contractions  with  a  gal- 
vanic current  of  moderate  strength  it  is  necessarj^  to  interrupt  the  cur 
rentj  and,  unless  it  is  quite  powerful^  to  localize  at  least  one  of  the 
electrodes  over  ihc  motor  nerve  by  which  the  muscle  is  supplied — that 
is.  over  the  so-called  **  motor  points/'  On  the  contiary,  the  faradic 
current  is  in  a  condition  of  rapid  interruption  and  produces  contractions 
when  indifferently  passed  over  the  snrfafe  of  the  muscle,  as  well  as  when 
localized  on  the  main  motor  neiTC  that  supplies  it. 

This  advantage  of  the  faradic  current  h  best  appreciated  in  general 
faradization^  the  powerfid  (onic  effects  of  which,  as  will  be  secB*  are 
partly  and  quite  largely  due  to  the  passive  exerci&e  and  consequent 
oxidation  and  other  important  changes  of  tissue  that  result  from  the 
several  thousand  muscular  contractions  that  take  place  during  an  ordi- 
nary sitting.  In  localized  electrisation  this  advantage  is  not  so  clearly 
and  strongly  marked,  since,  in  this  method,  by  a  proper  knowledge  of 
electro  therapeutical  anatomy  and  sufficient  care,  it  is  possible  to  direct 
one  of  (he  electrodes  on  the  "motor  points  ; "  and  yet  even  here  the 
feradic  current  is  much  more  convenient,  because  its  employment  re^ 
quires  no  arrangement  for  intcrru[ition,  and  less  minuteness  of  attention 
to  r!w  situation  of  the  motor  nerves.  The  exceptional  cases  of  paraly- 
«W  wbcr^  ihe  muscles  have  lost  llleir  susceptibility  to  the  faradic  cur- 
do  Dot  interfere  with  the  general  rule. 
iL  J>  frpduea  greater  mithanica!  effeets.  These  ntechanical  effects 
Cuadic  current  are  due  to  its  rapid  interruptions,  which  cause 
ooC  only  of  the  muscles,  but  also  of  the  contractile  fibre- 
fflamlating  the  circulation,  and  with  it  the  processes  of 
In  this  respect  its  action  is  similar  to  that  of  rub- 
vcoients  and  vibrations.  These  mcrhanical  effects 
^^£»ted  in  the  tre*itnicut  of  diseases  of  the  abdominal 
s^iptied  with  contractile  fibre-cells  ;  anesthesia, 
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3,  //  is  less  iikdy  (0  produce  unphasant  ar  harmful  effects^  wktn 
iH€auti0usly  used^  than  the  gahfantc. 

To  confirni  this  statement  we  rest  mainlr  on  the  evident  results 
of  clinical  observation.  We  may  indeed  refer  to  a  number  of  cases  of 
severe  conslitutional  neuralgia  and  excessive  nervous  exhaustion  where 
the  faradic  current  invariably  relieved,  and  where  the  galvanic  current 
as  invajiably  aggravate<^,  the  symptoms.  For  this  reason  it  is  better  to 
begin  the  practice  of  electro-therapeutics  with  Che  faradic  current,  and 
for  those  families  who  desire  a  scientific  plaything,  the  faradic  machine 
U  safer  than  the  galvanic  apparatus. 

In  all  applications  to  the  head,  neck,  and  spine  especially,  applica- 
tions of  the  galvanic  current  can  rarely  be  protracted  without  injury, 
while  in  many  cases  the  spine  and  neck  may  be  faradi^ed  through  very 
prolonged  sitting^,  with  positive  benefit  to  the  patient.  To  the  head, 
also,  a  faradic  current  of  a  proper  quality  may  be  applied  much  longer 
than  a  galvanic  current,  before  unpleasant  dizziness  or  headache  is 
excited  The  belief,  pretty  generally  entertained  in  Europe^  that  the 
faradic  current  cannot  be  applied  to  the  head  without  injury,  is  to  be 
accounted  for  by  the  fact  that  mast  of  the  eleciric  machines  there  em- 
ployed are  separate-coil  machines,  and  do  not  furnish  a  current  of  sulh 
cicnt  snioothness  for  faradization  of  the  head.  Most  of  those  who  at- 
tempt this  jnethod  of  treatment  use  too  small  electrode^,  and  thus  give 
the  current  greater  density  than  the  brain  can  bear.  Galvanisation  of  the 
eye  or  ear,  or  of  the  cervical  sympathetic,  must  always  be  shorter  than  foia- 
dilation  of  the  sanie  parts.  These  considerations,  however,  need  not  inter- 
fere with  the  use  of  the  galvanic  current  lo  these  parts,  in  all  cases  where 
it  oilers  a  positive  ativaniage  over  the  faradic  Tliifre  is  no  real  danger 
in  using  either  current  on  any  patient,  provided  it  be  usecl  properly. 

A  considtJration  of  some  practical  importance  with  general  practi- 
tioners is,  that  the  faradic  apparatus  is  more  convenient,  more  portable, 
than  even  the  compactest  galvanic  apparatus  that  has  yet  been  devised. 
It  is  impossible,  however,  for  any  practitioner  to  realise  anything  like 
the  full  bene5t  of  electrisation  without  apparatus  for  the  galvanic  as 
well  as  the  faradic  current. 

TJie  general  differential  indications  for  the  use  of  the  two  currents 
may  be  thus  summed  up.    The  galvanic  should  be  used — 

I.  To  act  with  special  electrotonic  and  ELECTRoi  rric  powfr 
ike  braifti  spinal  cord^  sympathetic^  or  any  part  q/  the  central  or  pertph* 
trai  nervous  system. 

3.  To  product  contractions  in  paralyzed  muscle  t  that  fail  to  respond 
to  the  faradic. 
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3.  In  eleeirosurgery^  to  produa  electrolysis  or  cauietUatwn, 
The  faradic  shouk]  be  used — 

J.  To  act  MILDLY  (fn  the  train,  spinal  c&rd^  sympatMU^  <fr  any  part 
pjthe  central  <fr  peripheral  nervous  system. 

2.  To  excUe  musclar  contractions  'wkercver  tlu  mtschs  are  not  s4 
much  diseased  as  tif  be  unable  to  respond  ta  it. 

3.  To  pradiue  stron,^  mechanical  effects. 

Both  are  essential  in  electro-diagnosis — the  faradic  especially  for  the 
muscles,  and  the  galvanic  especialty  for  the  nervous  system  ;  and  both 
are  adapted  for  general  aa  wcJl  as  localized  electriratton,  although  m 
general  electrization  ihe  faradic  current  is  chiefly  used.  It  logically 
follows  from  what  has  been  said  that  very  many — perhaps  the  majority 
— of  diseases  are  best  treated  not  by  one  current  exclusively,  but  by 
both  cuiTentSf  either  in  alternation  or  succession.  Special  indicacionf 
will  be  given  under  the  special  diseases. 

T/te  two  currents  compared  to  bromide  of  potassium  and  hydrate  ef 
fAiffraL 

We  are  accustomed  to  conipare  in  a  rough  way  the  differential  action 
of  the  currents  with  the  differetitial  action  of  bromide  of  potassium  and 
hydrate  of  chloral,  the  faradic  current  being  the  bromide  of  potassiuni, 
and  the  galvanic  the  hydrate  of  chloral. 

Bromide  of  potassium  is  a  safer  remedy  than  hydrate  of  chloral, 
but  there  are  very  many  cases  where  it  is  powerless,  and  the  hydrate  of 
chloral  acts  as  a  specific  ;  so  the  faradic  current  is  safer  than  the  gal- 
vanic, and  therefore  better  adapted  for  general  use,  andj  for  those  who 
use  but  one  current,  fulfils  a  larger  requirement ;  and  yet  there  are 
many  cases  where  it  (aiU  and  the  more  powerful  galvanic  is  demanded. 
Except  for  the  caj»es  where  the  galvanic  current  is  clearly  indicated^  it 
is  well  to  bt*gw  wirfi  the  faradic  current,  just  as  we  use  bromide  of 
potassium  before  resorting  to  hydrate  of  chloral 

A  cotnbitwcioft  of  bromide  of  potassium  and  hydrate  of  chloral  is 
freqiMoHy  move  efliectire  in  producing  sleep  and  relieving  pain  than 
RMih  when  used  alone;  similarly  the  combined  or  alternate 
of  t2w  teftdic  or  fftlvnntc  currents  will  sometimes  accomplish  much 
It  used  exclusively. 


oalvano-faradizattok. 


ifett  •dnaCagea  of  both  currents,  and  at  th^  sanae 
Md  inconvenience  of  emplo)Hng  them  in  suc- 
M  ift  90  fre<lucntly  necessary,  we  have  r^evised  a 
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metfiod  of  using  them  simuUaneously,  To  this  method  we  have  given  a 
name  which  sufficiently  expresses  its  character — galvafUhfafadiMaiwn* 
It  may  be  either  general  or  localized 

The  method  of  general  galvano-faradization  requires  a  double 
electrode,  with  one  part  for  the  galvanic  and  the  other  for  the  faradic 
current  The  copper  plate  may  be  connected  at  one  part  with  the 
pole  of  the  faradic,  and  at  another  with  that  of  the  galvanic  apparatus ; 
thus  the  circuit  is  completed  for  both  currents. 

In  localized  galvano-faradizadon  it  is  necessary  to  have  in  use  two 
double  electrodes ;  for  this  purpose  the  double  excitors  of  Duchenne 
answer  very  well.  By  a  proper  construction  and  adjustment  of  the 
electrodes  it  is  possible  to  localize  the  two  currents  very  near  to  each 
other.  Whether  any  special  therapeutical  advantage  arises  from  the 
simultaneous  use  of  the  two  currents,  we  are  unable  to  state. 

We  allow  the  above  description  of  galvano-faradization  to  stand  just 
as  it  appeared  in  the  first  edition. 

Since  we  have  used  central  galvanization — a  method  to  be  subse- 
qu^dy  described— we  have  dkpensed  almost  entirely  with  geneiml 
gahmno^aradizatioii. 


CHAPTER  V^. 


THE  PRINC  PLES  OF  EI.ECTRO^DIAGNOSIS  (ELECTRO-PATHOJ/Vnr/, 

In  this  chj.pter  we  shall  speak  only  of  the  principles  on  which 
electricity  is  used  as  a  means  of  diagnosis  in  medicine.  The  dctatls 
and  special  applications  of  these  principles  will  appear  under  the  vari- 
ous diseases. 

A  history  of  the  use  of  electricity  as  a  means  of  diagnosis  would  very 
likely  be  the  history  of  electro-therapeutics  itself  As  soon  as  men 
began  to  use  the  voltaic  pile  in  the  treatnaent  of  paralysis  and  kindred 
diseases,  about  die  middle  of  the  last  century^  just  so  soon,  probably, 
they  began  lo  lest  the  power  of  the  electric  current  to  diagnosticate 
aisease.  We  logically  infer  that  electrization  was  used  as  a  means  of 
diagnosis  much  earlier  than  the  published  treatises  on  the  subject  would 
show,  from  the  fact  that  it  has  been  so  used — in  a  blind  and  empirical 
way,  it  IS  true^ — in  this  country,  for  thirty  or  forty  years.  Mankind, 
always  and  everywhere,  are  superstitious,  credulous,  ready  lo  receive 
whatever  approaches  them  with  an  air  of  mystery,  much  more  so  in  the 
last  century  than  in  the  present ;  and  it  is  certainly  not  unfair  to  sup- 
pose that  the  earlier  experimenters  in  this  department  consulted,  to  a 
greater  or  less  extent*  the  diagnostic  or  prophetic  power  of  the  subtle 
agent — electricity*  Their  experiments,  we  may  suppose,  were  unscien- 
tific and  unsatisfactory^  They  were  probably  neither  based  on  any 
well-defined  principles,  nor  conducted  by  any  intelhgible  system.  Ac- 
cordingly, they  secured  very  few  tangible,  or  at  least  communicable,  re- 
sults, and  if  scientific  men  had  not  espoused  the  cause  of  electro-thera- 
peutics, the  phrase  electricity  as  a  means  of  diagnosis,  would  never  have 
been  known.  Nearly  all  that  has  been  accomplished  in  a  scientific 
way,  in  this  department*  is  comparatively  recent ;  though  Marshall  Hall 
earnestly  called  the  professional  attention  to  tlie  fact  that  Electricity, 
might  assist  us  in  differentially  diagnosticating  paralysis  as  far  back  at 
1839.*  Since  that  time  the  subject  has  been  studied  by  nearly  all  t'M 
proni'nent  workers  in  the  department  of  electro-therapeLitica 
•  Mcdico'Chirurjpcal  Transacliooa,  1839. 
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In  order  to  be  expert  in  electro-diagnosis,  it  is  necessary  iO  be 
thoroughly  fkrailiar  with  the  normal  reaction  of  (he  different  parts  and 
organs  of  the  body  to  faradic  and  galvanic  eteclricity.  The  founda- 
tion principles,  on  which  Electricity  can  be  made  a  means  of  diagnosis 
of  disease,  af  e  siroply  these  four : — 

First.  The  fact  thai  ail  the  ^aris  ami  organs  oj  She  body  are  mcrt  or 
less  sensitive  lo  the  electric  curreni^  and  that  this  sensitiveness  is  modified 
by  disease.  This  electro  sensibility  may  be  either  increased  or  dimin- 
islied. 

If  an  electric  current  be  passed  through  a  boil,  or  irritable  ulcer,  or 
the  skin,  like  any  'other  irritant,  it  excites  more  pain  than  when  it  is 
applied  ovei  the  healthy  skin  ;  and  this  pain  which  it  causes  usually 
bears  quite  a  direct  proportion  to  the  nature  and  condition  of  the 
morbid  process.  This  is  so  familiar  and  so  apparent  an  example  of  in* 
crease  of  electro-sensibility,  that  to  state  it  i&  to  demonstrate  it.  The 
electric  currents^  during  tlie  various  processes  of  electrtjiation,  penetrate 
beneath  the  skin,  and,  as  it  has  been  experimentally  and  practically 
demonstrated,  traverse,  to  a  greater  or  less  extent,  the  principal  vital 
organs.  It  is  evident,  therefore,  that  those  organs  which  are  abnor- 
mally sensitive,  tluongh  disease  of  any  kind^  must  feel  the  current  much 
more  appreciably  than  when  in  a  condition  of  health. 

But  the  mechanical  effects  of  the  electric  currents  work  both  ways^ 
and  oi^ans  which  are  indurated  or  changed  into  an  anjesthetic  condi- 
tion by  disease  are  less  sensitive  than  is  normal  to  the  electric  cnrrcnii 
just  as  they  are  less  sensitive  to  any  other  mechanical  cause  acting  upon 
them. 

Accordingly,  we  find  that  when  even  powerful  electric  currents  arc 
passed  through  an  indurated  joint,  or  an  atrophied  liver*  or  any  part  the 
sensory  nerves  of  which  are  paralyzed,  they  may  produce  little  sensa- 
tion. 

Before  making  examinations  to  determine  the  sensitiveness  of  the 
different  parts  of  the  surface  of  the  body,  it  is  necessary  to  know  their 
relative  normal  sensitiveness,  as  indicated  and  described  in  the  chapter 
on  Electro-Therapeutical  Anatomy. 

N&  ahs&lute  Standard  of  Eiecire-sensihility^ — We  have  no  absolute 
or  mathematical  standard  of  electro-sensibility  by  which  to  compare 
the  deviations  that  appear  in  disease.  We  can  only  compare  the 
wjnsitiveness  of  parts  with  the  average  sensitiveness  of  the  same  parts 
in  heaJUi.  When  half  the  body  is  diseased^  as  in  hemiplegia,  it  may 
readily  be  compared  with  the  electro-sensibility  of  the  healthy  side. 
In  all  these  examinations  into  sensibilitv  we  are  dependent  on  the 
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itatements  of  the  patientp  and  the  results  will  be  influence^E  by  his  io. 
telligcnce  and  honesty. 

It  need  hardly  be  said  that  the  diagnosis  obtained  by  observing  this 
increased  or  diminished  sensitiveness,  of  any  part  or  organ,  must,  of  ne- 
cessity, be  a  very  general  one.  It  simply  informs  us  of,  and  directs  oui 
attention  to,  the  fact  that  such  a  part  or  organ  is  in  sojuc  way  disieastjd* 
The  special  nature  of  this  disease  inusi  be  determined  by  the  ordinary 
means  of  differential  diagnosis  at  aur  command. 

This  sensitiveness  to  the  electric  current  is  particularly  marked  over 
the  prominent  nerve-tracts,  and  in  those  regions  endowed  with  great 
tactile  sensibility.  If  even  a  mild  current  be  applied  at  those  points  on 
the  upper  or  lower  limbs  where  ilie  prominent  nerves  arc  superficial,  a 
ff:chng  of  tingting  or  numbness  is  felt  through  the  branches  of  the 
affected  nerve  j  and  if  the  current  is  very  much  increased  in  strengthi 
A  decidedly  anaesthetic  effect  is  estperienced.  In  paralysis  of  scnaa* 
tion,  or  ansesthesia,  this  feeling  of  tingling,  tlirill,  and  numbness  is 
very  much  diminished  under  the  influence  of  the  electric  current,  or  is 
entirt-ly  absent.  It  is  on  this  principle  tliat  electricity  becomes  a  most 
valuable  mean^  of  diagnosis  in  the  various  stages  of  anccsthesia.  A 
condition  of  anKSihesia  or  analgesia  {loss  of  sense  of  pain)  can  readily 
be  detected  by  the  brass  ball  employed  in  general  faradization,  or  by 
tiie  metallic  brush,  or  by  any  other  form  of  electrode.  To  detect 
analgesia  the  electrode  should  be  moistened  so  that  the  current  may 
penetrate  the  epidermis. 

General  faradization  is  found  to  be  of  practical  utijity  in  aiding  us  to 
determine  the  locality  of  certain  diseases,  if  not  their  precise  nature. 
Xn  dyspepsia,  eiectrization  often  reveals  great  sensitiveness  in  tlie 
epigastric  region,  and  on  the  left  side  over  the  spleen.  In  severe 
dyspepsia,  accompanied  by  emaciation,  a  current  is  sometimes  pain- 
fully transmitted  from  the  middle  of  the  back  to  the  neighborhood  of 
the  epigasLrimn,  A  pL'culiar  sinking  sensation  is  sometimes  felt  at  the 
pit  of  the  stomach  when  a  strong  current  is  applied  over  the  seventh 
cervical  vcrtebraj  or  over  the  brachial  plexus.  All  these  symptoms, 
taken  together,  undoubtedly  suggest  an  aggravated  case  of  dyspepsia, 
and  usually  of  the  nervous  variety.  Congested  or  irritable  states  of  the 
liver  are  revealed  by  an  abnormal  and  peculiar  sensitiveness  when  the 
current  is  applied  over  the  right  hypochondriac  region.  Cure  must  h 
taken,  h^wener,  not  io  con/Qund  the  normal  unsHiveness  of  ihe  supfrficiai 
merves  over  i/te  ribst  wiih  an  abnormal  conditim  of  the  liver.  There 
are  certain  diseases  of  this  organ  in  which  it  15  less  sensitive  than  usual 
to  electrization,  ar  i  sometimes  it  appears  to  be  decidedly  ansesthetic- 
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A  lady  patient  of  ours  who  had  suffered  for  years  from  hepatic  disor- 
der was  very  sensitive  to  the  current  excepting  over  the  right  hypcchon- 
driac  region,  where  she  could  bear  the  whole  power  of  the  apparacut 
withoiit  any  discouifort,  except  tha£  which  was  necessarily  caused  by 
the  natural  tenderness  of  the  skin.  ITie  precise  cdndition  of  the  11  vet 
at  that  time  we  were  not  able  to  ascertain.  The  evidence,  however, 
was  sufficient  to  coafirro  our  previous  suspicions  in  regard  to  the  exis- 
tence of  fiome  affection  of  that  organ.  It  may  be  said  in  general, 
that  those  diseases  which  cause  the  Uver  to  be  sensitive  to  externa] 
pressure,  also  cause  it  to  be  sensitive  to  electrization.  The  same 
gecicrai  principle  will  apply  to  the  stomach,  the  spleen,  the  intestines, 
aiiil  the  ovaries.  Our  experience  in  the  electrical  treatment  of  diseases 
of  the  lungs  has  not  been  large,  but  it  has  been  sufficient  to  make  it 
quite  probable  that  certain  sensitive  conditions  of  tuberculous  deposit 
may  be  suggested  by  abnormal  sensitiveness  to  the  faradic  current  over 
ihe  apex  of  the  chesL 

Eleciro-diagnoMS  of  tlie  sensory  nerves  requires  us  to  examine  the 
condition  not  only  of  the  various  iwtions  of  the  skin,  but  also  of  the 
nerve  branches,  and  the  plexuses. 

U  in  cutaneous  anesthesia  we  find  normal  sensirivenesson  the  nerve- 
branches,  we  judge  that  the  disease  is  confined  to  the  nerve  rami^cA- 
ttcns  only. 

If  in  complete  anaesthesia  of  an  extremity  the  lierve  plexus  exliibitsa 
noniial  reaction,  we  also  judge  that  the  disease  is  not  central  but  peri- 
phcraJp  includitjg  the  tierve  branches, 

J*i>r  the  purpose  ef  testing  the  condit'ton  of  s^nsati&n  (he  faradic  cur- 
rent is  HSiiaily  to  be  preferred^  for  the  reason  that  its  mechanical  effects 
are  greater  than  those  of  the  galvanic 

The  clectro-sensibiliiy  may  be  normal  or  nearly  so  when  ordinary 
sensibility  is  much  diminished*  In  some  cases  of  posterior  spinal  scle- 
rosis, for  cxamplen,  a  moderate  electric  cuffcrjt  may  be  fully  |>crceptible 
while  a  pin  may  be  thrust  into  the  flesh  without  causing  any  pain. 

Th€  Head, — In  health  the  head  is  very  sensitive  both  to  galvanixft- 
tion  and  faradization^  in  all  parts  except  the  posterior.  This  electro- 
sensitiveness  of  the  frontal  and  parietal  regions  of  the  head  is  due  to 
the  superficial  nerves,  and  not  to  the  brain  itself.  In  pathological  cases 
this  sensitiveness  may  be  cither  increased  or  dimmished. 

Sptm'. — Id  health  the  spine  is  but  little  sensitive  to  the  current.  In 
pathological  cases  it  may  exhibit  a  sensLlivenes^i  to  the  electric  current 
that  is  not  revealed  by  pressure  or  by  any  other  method  of  irritation. 
This  cotiditio  1  is  found  in  neuralgia,  spinal  irritation,  hysteria,  etc*  It 
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is  interesting,  atsOi  to  know  that  electric  exaniination  sometunes  indi 
cates  abnormities  in  the  sensitiveness  of  certain  parls  of  the  body  thai 
exhibit  no  functional  derangement.* 

Sympalhetif  and  Pmumogastrir. — The  ganglia  of  the  cervical  sympa 
thetic  and  the  pneumogastric  may  be  examined  electrically  by  the  innei 
border  of  the  sterno-cleido-mastoid  muscle.  Sometimes  there  is  abnor- 
mal sensitiveness  all  along  the  border  of  the  sterno-cleido^ma^iuid 
muscle  in  the  track  of  tJie  pneumogastric.  This  sensitiveness  is  found 
ID  a  large  number  of  pathological  conduions,  locomotor  ataxia,  muscular 
atroj^hy,  various  cerebra]  affections,  etc.  We  have  observed  it  also  in 
spinal  irritation,  and  during  paroxysms  of  sick  headache.  This  abnor- 
mal sensitiveness  may  be  frequently  demonstrated  by  mechanical  pres- 
sure. We  are  disposed  to  regard  this  sensitiveness  as  due  to  the  pneumo- 
gastric more  than  to  the  sympathetic. 

Eiedro  musoilar  Sensibility, — Eiectro-muscular  sensibility  includes  a 
feeling  of  pain  and  a  feeling  of  contraction.  The  latter  may  exist  with- 
out the  former* 

Success  in  investigating  electro-muscular  sensibility  depends  on  the 
condition  and  intelligence  of  the  patient 

In  conditions  of  cutaneous  hy^ieraesthcsia  it  is  exceedingly  difficult, 
even  for  the  most  intelligent  patient,  to  distinguish  between  the  sensi- 
tiveness of  the  skin  and  that  of  the  muscle. 

In  paralysis  electro  muscular  sensibility  is  frequently  diminished, 
togedier  with  the  electro-muscular  contractility ;  they  often  rise  and 
fall  together.  In  hysteriai  etectro-muscular  sensibility  to  pain  is  some- 
times greatly  increased.  For  remarks  on  the  physiological  nature  of 
electro-muscular  sensibility,  see  Electro-Physiology,  p.  14S. 

Secondly.  Tfu  fact  thai  ihi  dtetro-mtiscular  contractility  and  irrita^ 
bility  are  more  or  less  modified  by  disease. 

Irritability  strictly  refers  to  the  quivering  which  muscles  exhibit 
under  mild  currents;  CQniractility  to  the  power  of  actually  contracting 
under  whatever  strength  of  current  may  be  necessary.  The  two  terms 
are  very  frequently  used  interchangeably. 

That  muscular  contractions  can  be  produced  by  the  electric  currents, 
has  been  known  since  the  period  of  the  earliest  investigations  in  the 
department  of  electro-physiology. 

The  first  systematic  attempts  to  make  this  a  basis  for  establishing 
differential  diagnosis  were  made  by  Dr.  Marshall  Halt^  and  subsequently 
by  Dr.  Todd.  The  conclusions  of  these  distinguished  experimenter! 
are  quite  familiar,  and  as  they  were  unsatisfactory  and  partly  enoneoni^ 
*  Benrdikt  op.  dt*,  6a 


I 


ELECTRO-MUSCULAR  SENSIBILITY  AND  CONTRACTILITY.  2/3 


it  is  not  neces!>^y  to  present  thera  in  detail.  More  recent  iiivestiga* 
tions  have  establistied  that  the  behaviiir  of  the  deeii-seated  musdes,  in 
rt^gard  to  their  contractility,  is  a  mtich  more  complicated  question  than 
was  formerly  supposed.  The  contractile  power  of  a  muscle  is  made  up 
of  two  factory,  viz,;  the  excitability  of  the  intra  muscular  nerve-fibres, 
*nd  the  functional  capacity  or  irrital>ility  of  the  muscular  substance 
iteclf.  When,  therefore,  the  contractile  power  af  a  naiigcle  differs  in 
Any  respect  from  the  norinal,  this  variation  may  be  due  to  an  £ibnorm\l 
condition  of  either  one  or  both  of  these  factors.  Still  further,  it  is 
stated  that  when  the  excitability  of  the  intra-musctilar  nerve-hbres  and 
the  irritabilitf  of  the  muscular  substance  are  increased,  yet  if  the 
fornier  has  su6fered  n:iore  than  the  latter^  the  contractile  power  may 
diminished,  and  vict  vo'sd. 

In  ^ompisring  h^alihy  with  diseased  sid^s  in  paralysis^  it  is  n€€essary 
t9  use  not  otxiy  th(  same  Urtngih  of  currtfit^  hut  alsQ  the  same  reiattvt 
fcstlioft  and  pressure  of  the  etecirodes. 

The  general  prhiciples  that  have  thus  far  been  established^  m  regard 
to  the  relation  of  electro-muscular  contractility  to  di^ase,  are  as  fol- 
lows : — 

ist.  In  paralysis  of  motion,  the  electro-muscular  contractility  is 
vomctinics  normal,  occasionally  increased,  and  very  frequently  dimin- 
ished. 

increase  of  electro-muscular  contractility,  or  at  least  of  irritability,  may 
be  observed  in  diseases  of  the  brain,  attended  with  irritative  lesions,  in 
certain  spasmodic  and  hysterical  affections,  and  occasionally  in  loco- 
inotor  ataxia.  Diminution  of  electro  muscular  contractility  is  usually 
obseived  in  grave  lesions  of  the  anterior  columns  of  the  st>inal  cord, 
and  motor  tract  of  the  brain,  in  rheumatic  paralysis  lead  paUy^  in  well- 
marked  progressive  muscular  atrophy,  and  in  paralysis  from  injury  of  a 
nerve  in  some  part  of  its  course. 

2d.  In  certain  central  diseases,  the  electro-muscular  contractility  i* 
xt  first  normal  or  diminished,  and  afterwards  increases  with  the  progress 
of  the  disease,  until  it  becomes  greater  than  normal. 

The  Urngth  of  time  that  is  necessary  to  illustrate  tnese  variations  de- 
pends on  the  nature  of  the  disease.  In  chronic  inflammations  of  the 
spinal  cord,  in  elisions  In  the  brain,  causing  hemiplegia,  these  varia- 
tions may  nm  through  many  weeks  and  months.  In  cases  of  hemiple- 
(fia  also,  these  different  conditions  of  the  electro-muscular  contractililv 
may  ran  in  a  circle ;  being  sometimes  nonnal,  sometimes  increased, 
ar>d  sometimes  dhninished  (Bcnedikt).  All  these  changes  correspond, 
of  course,  to  certain  changes  in  the  pathological  condition  of  the 
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diseased  brain.  Just  what  this  correspondence  is  in  each  casCj  cannot, 
in  tlie  present  slate  of  electro-pathological  science,  be  well  determiriird, 
3d.  Ttie  fact  that  certain  forms  of  paralysis  behave  very  differently 
Tinder  the  faradic  and  tlie  galvanic  current.  Muscles  over  which  a 
faradic  current  can  have  no  influence,  niay  contract  easily  under  a 
milder  galvanic  current  than  is  necessary  to  produce  contractions  of  the 
same  muscles  in  health.  Sometimes,  as  the  paralyzed  nuiscles  recover, 
they  regain  their  power  of  contracthig  under  the  faradic  current,  at  the 
same  time  proportionately  losing  their  contractility  under  the  galvanic 
current.  This  law  is  most  readily  demonstrated  in  peripheral  facial 
paralysis. 

This  fact,  that  ir»  certain  peripheral  paralyses  .^^-rt/T-jw^*  w^wj^-wA/r 
trui'tUity  may  remain  after  faratio-muscu/ar  contnutitity  is  wM/y  lostt 
was  lirst  pointed  out  by  Baierlachcr  in  1859,  His  observations  have 
since  been  confirmed  by  Schuiz,  Meyer,*  AUhaus,  Hamjuond^  Radcliffe, 
Ziemssen,f  Legros  and  OninmSjJ  ourselveSfg  and  other  observers,  (See 
section  on  peripheral  paralysis.) 

Some  of  the  more  specific  principles  on  which  electricity  is  used  as 
a  means  of  diagnosis  in  medicine  may  be  thus  slated.  Although  con- 
tractions occur  only  on  closing  or  opening  the  current,  yet  we  distin- 
guish four  kinds  designated  by  the  following  abbreviations :  jst,  C.  C. 
C.  ;  2d,  A.  O.  C  ;  3d,  A.  C,  C,  ;  4th,  C.  O.  C 

The  first  h  the  cathodal  closure  contracHony  and  occurs  when  the 
cathode,  or  negative  pole,  is  applied  to  the  nerve  or  muscle,  and  the 
current  closed. 

The  second,  anodal  opening  coniraciion^  occurs  when  the  anode  or 
positive  pole  is  applied  to  the  nerve  or  muscle  and  the  circuit  opened. 

The  thirdf  amdal  closure  eoniracti^n^  occurs  when  the  anode  is  ap- 
plied and  the  current  closed. 

The  fourth,  cathodal  openini^  emtrattion^  occurs  when  the  cathode 
is  apidied  and  the  current  opened. 

The  readiness  with  which  these  various  contractions  are  induced 
relatively  to  each  other,  depends  altogether  iit)on  the  strength  of  the 
current  and  the  condition  of  the  nerves,  whether  diseased  or  hcalthy. 
If  on  the  healthy  nerve  or  muscle  the  negative  pole  is  pressed,  and  a 
current  of  sufficient  strength  employed,  it  will  be  found  that  on  closing 
the  circuit  a  contraction  takes  place.  In  order,  however,  to  induce  a 
contraction  of  the  same  vigor  on  opening  the  circuit,  it  is  necessary 
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lhat  the  strength  of  the  current  be  increased.  Each  one  can  readily 
confirm  this  statement  for  himself,  and  by  experimenting  thoroughly  it 
will  be  founct  that  coQCractton  in  the  healthy  muscle  occurs  In  the  order 
just  given. 

In  diseased  conditions,  however,  tins  formula  is  subject  to  great  va- 
riations. The  readiness  witli  which  a  muscle  contracts  to  electrical 
influences  may  be  increased.  This  occurs  in  certain  cases  of  hemi- 
plegia associated  with  an  irritative  lesion  ;  and  in  the  early  stages  of 
facial  paralysis  due  to  the  action  of  cold  associated  with  a  rheumatic 
diathesis.  In  these  cases  the  intra- muscular  nerves  are  attacked  from 
the  beginning,  while  there  is  but  little  it"  any  alteration  of  the  umscntar 
fibres.  The  faradic  current  causes  contractions  through  tlje  intra-muscu- 
lar  nerves  ;  therefore,  in  cases  such  as  the  above,  its  jiowcr  to  profluce 
muscular  contractility  is  lost.  The  galvanic  current,  acting  more  espe- 
cially on  the  luusLiiIar  fibres,  retains  its  power,  and,  as  experience  shows, 
a  milder  current  will  cause  contractions  than  is  found  necessary  for  the 
healthy  muscEe.  As  the  pattern  improves,  it  takes  an  increased  tension 
of  galvanism  to  cause  the  same  effects,  until,  finally,  farado -mirscular 
contractihcy  becomes  manifest.  Again,  the  readiness  of  contraction 
may  be  decreased  and  finally  abolished,  as  in  the  late  stages  of  bulbaf 
paralysis  ;  occasionally  in  paralysis  following  acute  diseases^  in  myeli- 
tis, and  in  progressive  muscular  atrophy. 

The  above  are  temied  quanittatirt^  readionSt  consisting,  as  has  beeo 
stated,  in  a  simple  increase  or  diminution  in  the  quickness  of  re- 
sponse to  a  current  of  given  strength.  Qualitative,  which  includes  as 
well  quantitative  changes — in  other  words  termed  the  rtafiien  0/  tUgert' 
^frt^'flff— consist  in  an  alteration  in  the  order  of  occurrence  of  the 
contractions.  These  changes  are  observed  in  any  form  of  traumatic 
paralysis  where  the  continuity  of  the  nerve  has  been  completely  inter- 
rupted, in  rheumatic  paralysis  associated  with  compression  at  some 
point  of  the  nerve,  in  lead  palsy,  many  fonns  of  infantile  paralysis,  in 
spinal  paralysis  where  the  gray  matter  is  much  involved,  in  progressive 
muscular  atrophy,  in  some  cases  of  neuritis,  bulbar  paralysis,  in  cases 
of  pressure  on  the  nerve  by  tumors  or  cicatrices,  etc,  and  in  some 
paralyses  the  result  of  acute  diseases. 

The  normal  formula  becomes,  in  the  above  cases  of  paralysis,  sub- 
ject to  the  following  changes  ;  The  negative  pole  at  its  closure  (C.  C, 
CO  becomes  as  weak  or  even  weaker  than  the  positive  (A.  C.  C).  and 
the  positive  pole  at  its  opening  (A.  O.  C.)  becomes  weaker  than  the  neg- 
ative at  its  opening  (C.  O.  C).  At  the  same  time  the  contractions  be- 
come weaker  and  less  rapid  than  in  health.   When  the  circuit  is  closed 
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the  coiilractioiis  arc  also  Imblc  to  become  let^nic^  wlii!e  rajjid  Jntemip 
tions  of  the  galvanii;  current  utterly  tail  lo  call  forth  any  response. 

VQlitwnal  Controitility  may  exist  whm  Eitciru-contraetilUy  is  di- 
minished.— The  volitional  power  may  remain  wlicn  the  electric  contracti- 
lity is  c!)nuni5he<i.  If  a  niiiscW  exhibits  diminution  of  contractility  unclei 
electricirritation,  but  reacts  normally  to  the  w///,  the  conclusion  is  thai 
the  muscle  is  not  injured,  but  that  the  abnormity  is  caused  by  change  in 
the  irriiability  of  the  inlra-iiiuscular  fibres.  This  Is  observed  tn  certain 
stages  of  traumatic  and  lead  paralysis.  We  arrive  at  the  game  conclu- 
sion in  those  cases  where  the  muscles  refuse  lo  contract  under  direct, 
but  respond  normally  to  indirect,  electriiation. 

Muscles  of  the  eye  are  an  exception  to  this  rule,  since,  from  their 
anatomical  position,  they  cannot  be  made  to  contract  by  direct,  but 
only  by  indirect,  reflex  action  from  the  fifth  pair. 

fjases  whore  reaction  i?  lost  both  to  the  will  and  electricity  indicate 
actual  injury  of  the  muscle. 

I-'urthermore^  it  should  be  considered  tliat  the  electro-muscular  con- 
traciility  and  sensibility  of  diseased  muscles  may  be  and  are  greatly 
modified  by  the  treatment,  both  pennanently  or  temporarily,  Modi&^ 
cation  may  take  place  even  during  the  stance. 

Thii'^ily.  That  the  sj^ecial  pkysiologtcai  reacHotis  of  iht  einh'm 
and  ptriphtral  nervous  systems  to  the  ga/voFiie  currenf  are  essentialij 
(han^s^ed  "tvhen  the  fterve  is  in  a  pathoh^^ical  condition. 

This  is  true  of  the  spinal  cord,  the  motor  and  sensory  nerves,  spinal 
cord  and  nerves  of  special  sense,  and  of  the  sympathetic.  According 
TO  Benedikt,  if  the  negative  pole  is  placed,  for  exampte,  on  the  pero- 
neal nerve,  and  tlie  [jositive  on  the  patella,  with  an  interrupted  current, 
a  weaker  irritation  appears  than  when  the  positive  pole  is  placed  on 
the  cervical  or  Itinibar  vertebr.'e.  The  more  the  central  pails  are  in. 
chided  in  the  circuit  the  greater  the  irritation.  Jn  psthologlcal  con- 
ilitions  this  reaction  is  changed. 

Opening  emtriictwns  are  regarded  by  Benedikt  as  characteristic 
evidences  of  certain  foinis  of  locomotor  ataxy.  They  are  observed 
also  in  neuritis  and  in  chorea  mimr.  They  indicate  a  molecular  dis- 
turbance. They  accompany  botli  increa&cd  and  diminibhed  irritabilityi 
usually  the  latter,* 

Nerves  of  Speitaf  Smse.'—The:  changes  of  the  reaction  of  the  nerves  of 
special  sense  tcT'eciric  irritation  may  bu  both^uanfitatiz  e  3Li^i] ^uatitativ^ 

•  Tt«se  view*  uf  Beneflikt.  conccrniiig  the  significaoce  of  "  openinjj  contrsctiom,* 
tuive  hcca  beverel^  aitL:iaeil  by  Brenner  (*'  Untersuchungnip"  ftc,  Bd.  it.,  1869^  p 
915,  et 
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Auditory  Ncn>€, —  It  has  been  shown  that  the  reaction  of  the  auditorj' 
i  Tve  to  galvanic  irritation — ^(he  strong  subjective  sensations  of  sound 
-  IS  materially  changed  by  disease ;  and  by  this  we  judge  of  the 
condition  of  the  nerve,    (Sec  Diseo^ea  of  the  Ear) 

£?///V  AVrr/c,— The  reaction  of  ihe  optic  nerve  under  the  inllu- 
ence  of  the  galvanic  current,  is  attended  with  flashes  of  light.  The 
qualitative  changes  m  reactions  of  the  optic  nerve  to  electrical  irrita- 
tion arc  numerous.  In  certain  pathological  cases,  as  we  have  observed, 
dashes  of  light  may  be  produced  by  the  faradic  current.  In  other 
pathological  cases,  as  suvcri;  atrophy  of  the  retina  the  flashes  of  light 
do  not  appear  during  galvanization,  or  only  when  a  very  Htrong  current 
ts  Uiied  We  have  obst?rved  very  tmrked  differences  in  the  reaction  of 
Lhc  optic  nerve  in  the  two  eyes  whtfn  one  was  iti*ea?ed  and  the  othei 
bealthy.  Flashes  of  tight  from  galvarvi^aCion  of  the  lower  part  of  the 
spine  are  indicative  of  abnormal  irriiabiliiy  or  organic  disease  of  the 
spinal  cord.  They  are  observed  in  locomotor  ataxia  arid  spinal 
uritatioo. 

Olfactory  and  Gustatory  I^erv£S. — The  peculiar  smell  that  is  ex- 
perienced on  galvanization  of  the  olfactory  nerve  may  be  either  in- 
creased or  diminished  by  disease.    It  is  absent  in  paralysis  of  the  olfac 
tory  nerve. 

The  peculiar  mctalhc  taste  that  follows  galvanization  of  the  tongue^ 
or  that  is  experienced  by  reflex  action  when  the  galvanic  current  is  ap- 
plied oti  ihe  neck  and  upper  part  of  the  spine,  is  subject  to  various 
modifications  by  disease.  In  irritable  conditiotis  of  the  cord  we  have 
observed  rhat  this  nietallic  taste  will  appear  when  the  application  is 
niadc  in  the  lower  p.^rC  of  the  spine.  In  two  striking  instances  it  was 
experienced  from  faradization  of  the  cilh-spinal  region. 

Fourth.  The  fact  thai  in  certain  cmtrai  diseases,  and  in  conditions 
9/  gre^  irriiaJiiiiiy^  as  hysUria^  the  refitx  £ff€<t  of  the  cttrrtnt  is  so 
ejmUed^ii  to  excite  reactions  that  in  &  normal  comiition  of  the  body  never 
appear,  Thys^  in  a  lady  of  middle  life,  who  for  several  years  had  suf- 
fered from  all  the  symptoms  of  declared  chronic  mycHti^  we  were  first 
struck  by  lhc  fact  that  even  a  very  mild  current  over  the  upper  portion 
^tiie  back  was  sensitively  felt  down  the  right  leg.  This  symptom  we 
h-.vc  never  known  to  occur  in  a  perfectly  healthy  condition  of  the 
spinal  cord.  Afterwards  we  found  that  a  very  short  as  well  as  very 
mild  application  of  the  current  to  one  leg  caused  a  disagreeable  feeling 
of  paio  and  heaviness  not  only  in  this  leg,  but  also  in  the  others  foi 
■evera]  <iays  following  the  application.  In  another  case  of  general 
^atralysis  dependent  on  hysteria,  a  very  feeble  current  localized  ip  on€ 
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hand,  or  lu  one  foot,  would  be  a^jpreciably,  and  oftentimes  [>ainfuUy. 
felt  through  all  the  four  cxtreaiities.  The;  patient  declared  that  ibt 
Mnsation  was  like  that  of  *'  waves  rolling  through  the  body." 

A  still  more  marked  illustration  of  this  diagnostic  power  of  eler.tma' 
den  was  the  following : 

In  the  case  of  a  lady  whose  lower  limbs  had  been  somewhat  para- 
lyzed for  two  year^,  who  presented  no  marked  symptoms  of  severe 
organic  disease  of  the  cord,  we  were  inclined  to  suspect  that  her  para- 
plegia might  be  due  to  nervous  exhaustion,  until  this  abnorrual  reflex 
sensitiveness  to  the  electric  current  seemed  to  establish  tlie  eKistence 
of  myelitis,  or  at  least  meningitis.  We  first  observed  that  a  feeble  cur- 
rent in  the  neck  was  felt  down  the  spine»  and  subsequently  the  patient 
complained  that  a  strong  current  down  the  lower  extrctmties  trans- 
mitted pain  to  the  back.  The  occurrence  of  this  abnormal  symptom 
forced  us  to  the  unwilling  conclusion  that  w^e  were  dealing  with  a  case 
of  organic  disease  of  the  spine.  The  subsequent  history  of  the  case 
has  confirmed  this  diagnosis.  It  has  been  shown  by  Bencdikt,*  that, 
in  certain  morbid  conditions,  electrisation  of  one  extremity  produces 
contractions  in  the  other.  This  phenomenon  has  been  observed  in 
progressive  muscular  atrophy^  and  in  certain  reflex  neuroses,  hi  a  case 
of  rhcumaric  gout  that  we  treated  the  application  of  the  galvanic  cur- 
rent to  the  left  knee  caused  a  sharp  pain  in  the  corresponding  part  of 
the  right  knee- 

This  fact  enables  us  not  only  Co  make  a  diagnosis  of  central  disease, 
but  in  certain  cases  even  to  suspect  the  seat  of  the  affection. 

We  are  confident  that  in  all  cases  of  crossed  reflex  contractions 
— just  as  in  the  cases  of  crossed  retlex  sensation  above  cited — there  is 
always  some  central  disease.  This  symptom  when  it  occurs  may  per- 
haps then  be  regarded  as  so  far  forth  diagnostic. 

Crossed  reflex  sensations  and  crossed  reflex  contractions  may  be 
manifested  simitltaneously  in  a  patient  affected  with  organic  disease  of 
the  spinal  cord.  This  singular  coincidence  was  observed  in  the  case 
above  recorded  of  the  lady  who  complained  of  waves  of  sensation  all 
over  the  body  when  the  current  was  applied  to  any  one  of  the  four  ex- 
tremities. These  peculiar  sensations  were  sometimes  accompanied  by 
feeble  and  spasmodic  .uuscular  contractions. 

General  shaking  and  tremor  of  a  timb,  or  of  the  wboie  body,  after 
electrization,  is  also  diagnostic  of  central  disease,    W'e  have  observed  it 
in  one  case  of  softening  of  (he  brain,  and  in  a  number  of  cases  of  hemi- 
plegia*   This  general  or  partial  tremor  does  not  apf  car  unless  a  con 
*  Die  Elektrotherapie,  p.  63. 
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siderabic  strength  ot  current  has  been  employed^  or  the  application  ha* 
been  much  prolonged. 

J}ipUgu  Contmcfioni. — Remak,*  of  Berlin,  was  the  first  to  note  lh» 
fact,  that  contractions  of  the  muscles  of  one  or  both  of  the  upper  extremi 
ties  may  sometimes  be  produced  by  placing  the  positive  pole  in  th^ 
Auriculo-niaxiJlary  fossa,  just  posterior  to  the  ascending  ramus  of  ihe  lowei 
jaw,  and  the  negative  by  the  side  of  the  sixth  cervical  vertebra.  The 
theory  of  Rejnak,  that  these  contractions,  to  which  he  gave  the  name  of 
dipiegic,^*  were  caused  by  irritation  of  the  sujjerior  ganglia  of  the  syna 
pathetic,  was  apparently  confirn:ied  by  Fitber^f  by  experinienrs  on  ani 
mals  in  whom  the  sympathetic  was  exposed,  and  subjected  to  the  action 
of  the  current- 
Strong  currents— from  twenty  to  forty  elements— are  usuallyj  though 
not  always^  necessary  to  produce  these  contractions.  The  contractions 
may  be  of  various  degrees,  from  mild  drawing,  with  scarcely  perceptible 
oscillations,  to  violent  movements  resembling  chorea.  They  may  appeal 
in  the  interosaei  or  in  the  muscles  of  tlie  arm  or  forearm  of  one  or  botJi 
sides.  They  may  also  appear  in  other  positions  of  the  electrode  than 
the  one  described.  From  one  to  five  tuioutes  are  usually  i^txcssary  to 
excite  them,  and  they  may  continue  for  a  few  moments  after  the  appli- 
cation has  ctrased. 

That  these  sO-called  diplegfc  contractions  are  a  reality  and  not  a  de- 
lusioHi  as  &ome  have  declared,  we  have  dciuonsirated  in  a  number  of 
cases,  and  especially  in  progressive  muscular  atrophy.  The  cases  where 
they  are  readily  demonstrated,  are,  according  to  our  observation,  not 
frequei^t,  and  we  can  easily  st^e  that  one  might  practise  electro  therapeu- 
tics for  a  long  time  without  seeing  any,  especially  as  ciurcnts  of  con- 
siderable strength,  applied  in  a  certain  manner,  are  necessary  to  pro* 
duce  ihem. 

The  evidence  that  these  contractions  occur  exclusively  through  the 
sympathetic  is  not  to  our  view  satisfactory,  and  there  is  stronger  proba- 
bility that  the  spinal  cord  is  the  centre,  which  in  certain  irritable  con- 
ditions exhibits  these  mauifc^tatioi>s  under  strong  electrical  stimula- 
tion. In  none  of  the  methods  of  application  where  these  diplegic  con- 
tractions are  called  forth  is  it  possible  to  localiie  the  current  in  tha 
sympathetic*  The  special  diagnostic  value  of  these  contractions  is  not 
great.  They  occur  not  only  in  progreWve  muscular  atrophy,  but  in 
hysteria  and  h}  Stcroid  a€ectionS|  and  would  appear  to  be  pathogno- 

*  Applicunon  Uu  courant  con&tiuit  au  tralCcment  des  neuroses.    Paris,  1865* 
\  Die  dipltgischen  Contrictionea  nAch  VeKuchen  an  Mcnschcn  und  ThSerea 
Berlin,  tS66,  pp.  ai,  aj. 
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hionic  of  no  one  special  disease,  but  rather  of  a  condition  of  irritabilit) 
of  ihe  nerve-centres  that  may  a[>[iear  in  many  different  diseases. 

/•eigned I>iseases.- — By  the  a[jplication  of  the  principles  stated  above 
the  eJectnc  currents  may  be  of  great  service  in  helping  us  to  distingiii&n 
jval  from  feigned  disease.  A  case  of  pretended  paralysis  of  motion  oi 
sensation  can  readily  be  settled  by  applying  the  ctirrent  to  the  linib» 
since  no  force  of  will  can  fully  resist  the  energy  of  the  contractions  Uial 
electricity  may  excite  in  healthy  muscles,  or  the  jKiin  that  can  be  pro- 
duced by  strong  faradization  of  the  skin.  The  principle  wiW  *'ork  both 
ways,  and,  tf  the  electro  muscular  contractility  is  diminished  belovr  the 
normal  standard,  we  may  know  that  tiie  disease  is  real  Where  one 
side  or  one  limb  only  is  affected,  the  comparison  between  the  healthy 
portions  and  those  where  disease  is  suspected  can  easily  be  made.  Dr. 
Russell  Reynolds  *  mentions  a  patient  with  hemiplegia  who  was  su[>- 
[Kjsed  to  be  malingering.  Electrization  of  the  limbs  on  both  sides 
showed  dearly  a  diminution  of  coniraciility  on  one  side,  as  the  patient 
represented,  and  accordingly  the  case  was  pronounced  to  be  one  of  real 
bcmiplegia. 

Dr.  Althaus  \  records  a  case  of  suspected  naalingering  that  he  studied 
by  the  aid  of  electricity*  A  member  of  a  Hrorkingmcn's  benefit  soci- 
ety professed  that  be  bad  lost  the  use  of  his  arm  in  consequence  of  an 
accident — a  fall — three  years  before.  The  question  was  whether  the 
society  should  give  him  the  ^<oo  to  which  pprmauently  incapacitated 
members  are  entitled.  The  patient,  though  tall  and  strong,  had  done  no 
work  since  the  accident,  and  professed  to  be  unable  to  undress  himself. 

On  examination  with  the  faradic  current,  Dr.  Althaus  found  that  all 
the  muscles  of  the  arm  responded  without  difficulty  ;  he  therefore  con- 
cluded that  the  nerves  and  muscles  were  uninjured — in  other  words, 
that  there  was  no  paralysis.  He  found,  however,  that  when  a  very 
strong  cunent  wai  used  the  patient  appeared  lo  suffer,  btit  the  arm  did 
not  execute  the  movements  it  should  do  when  the  muscles  contract. 
Accordingly,  he  had  ihc  patient  aniestheliied  by  nitrous  oxide  gas,  m 
^rder  lo  sec  whether  any  anchylosis  existed  that  might  interfere  with 
the  movements  of  the  arm.  It  was  found  that  no  anchylosis  existed. 
Dr.  Althaus  gave  a  certificate  that  the  patient  had  no  paralysis  and 
no  anchylosis  or  dislocation,  but  that  there  was  a  painful  affection  of 
che  joint  which  would  yield  to  subcutaneous  injections  of  morphia  and 
galvanism,  and  that  the  patient  could  use  the  arm  if  he  wished  to. 
The  claim  for  benefit  money  was  disallowed. 

F^adisation  as  a  means  of  distinguuhmg  real  from  apparetU  deaths 

*  Lancet,  April  16,  187a  f  Third  Edition,  p*  455. 
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Bie€tr&-Biosco^}\ — The  use  of  electricity  as  a  means  of  distinguishing 
real  from  apparent  dc:aih  was  suggested  as  long  ago  as  1793,  by  Drs. 
Bchrcud.  and  Crevc,  Sabs^quently  Boer,  of  Vienna,  oscd  frankUnit 
V*t?ctricity  on  newly-born  infants,  antl  foutid  tliat  when  muscular  con- 
tractions sttU  exisleil,  then  the  child  was  not  dead,  but  could  be  re- 
stored. 

In  1852,  Dr.  Crimotel,  of  Paris,  wrote  a  memoir  in  which  he  stated 
(hat  when  farado  coniraciility  i*  gone»  life  is  extinct.  He  stated  fur- 
thermore that  farado-contractility  gradually  disappears  after  death,  and 
that  after  a  period  ranging  between  half  an  hour  and  two  hours  it  en- 
tirely di^ppear^  He  suggested  the  ternj  electro-bioscopyj  and  recom- 
mended that  those  who  are  apparently  dead  from  drowning,  syncope, 
apoplexy,  freezing,  hysteria,  and  the  inhalation  of  poisonous  gases, 
should,  before  burial,  be  tested. 

RotienthaL  of  Vienna,  has  also  studied  the  subject  with  much  care. 
He  has  found  ihat  both  fira^lo-  and  galvano  contractility  gradually  disap 
pear  after  death.  He  i^ees  in  the  main  with  Crimotel  in  the  follow- 
ing general  condusions ; 

Eiectro  contractiliiy  disappears  mare  rapidly  after  death  from  chronic 
than  acute  diseases  ;  it  persists  longer  in  well  than  in  tadly  n&urished 
in}di£Sy  and  it  mmily  disappears  within  three  h&urs. 

Rosenthal  found  that  iu  amputated  limbs  the  farado-  ^ndgcilvano^oa- 
iracniity  were  active  the  first  hour,  and  entirely  disappeared  in  ninety 
minutes.  In  case  of  drowning  electro-contractility  disappeared  in  three 
hour»  and  a  quarter.  In  some  cases  where  rigor  mortis  has  not  ap- 
peared, where  the  temperature  of  the  body  is  yet  quite  high,  and  where 
the  joints  are  flexiblcj  the  absence  of  electro  contractility  yet  proves 
beyond  question  that  the  person  is  dead. 

Rosenthal  fmther  records  a  very  remarkable  case  of  trance  in  a  hys- 
terical woman,  where  it  was  declared  and  believed  by  the  physician 
thai  the  patient  was  dead.  The  skin  was  pale  and  cold  ;  the  pu- 
pils contracted,  and  not  sensitive  to  light ;  no  pidse  could  be  felt ; 
the  extremities  were  relaxed;  melted  sealing-wax  dropped  oo  the 
skin  caused  no  retlex  movements,  and  no  moisture  appeared  on  a 
otirror  held  before  the  mouth.  Respiratory  mnrmurs  could  not  be  heard, 
but  a  feeble  intenuittent  sound  in  the  cardiac  region  was  just  pcrccpd* 
ble  on  auscultation.  For  thirty  tivo  hours  the  patient  had  been  appar 
ently  dead  ;  but  on  electric  examination  Rosenthal  found  farad&~con- 
trattiliiy  in  the  muscles  both  of  the  face  and  the  extremities*  He 
Cherefore  urged  the  use  of  the  faradic  current  to  restore  the  patient 
Id  twelve  hours  the  patient  recovered  her  speech  and  movemeatAi 
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Two  yean  afterwards  she  was  alive  and  well,  and  informed  Rosenthal 
that  she  knew  nothing  about  the  commencement  of  the  attack  of  the 
trance,  and  that  afterwards  she  heard  people  talk  about  her  death,  b  it 
she  was  powerless  to  help  hersel£ 
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ELECTRO-THERAPEUTICAl.  ANATOMY* 

MUctro4heraf€utuiU  arfafomy  ineM<^  a  dtscriptim  &f  the  iocaiitUs  at 
whUh  th^  different  nerves^  mustr/eSf  ami  organs  can  hi  besi  affected  by 
the  electric  currents^  anti  aho  the  relative  tUctr^-sensibtlity  of  the  dif* 
fereni parts  of  the  body.  It  is  therefore  to  dectro-therapeutics  what 
sui^ical  anatomy  is  to  surgery* 

M&iifr  Feints  of  Afuscles. — The  subject  of  ihe  motor  points  was  first 
systematicafly  studied  by  Ziemssen,  who  experimented  on  the  recently 
dead  subject,  and  marked  with  nitrate  of  silver  the  points  at  which  the 
individual  nerves  and  muscles  most  readily  responded  to  faradization. 
Many  of  these  points  can  be  easily  and  successfully  studied  on  the  living 
human  subject.  Those  which  we  have  re[>resentcd  in  the  cuts  are  derived 
mo&tly  from  numerous  observations  on  persons  in  health.  They  have 
been  found  to  agree  in  ihe  main  with  tho&e  of  Ziemssen,  with  which 
they  have  been  compared^  and  by  which  they  have  been  made  more 
accuraie  and  complete.  Those  who  wish  to  examine  the  subject  in 
greater  detail  are  reft-rred  to  the  work  of  Ziemssen.* 

It  will  be  found,  however,  that  those  which  are  here  described  are 
sufficient  for  most  of  the  purposes  of  electro-therapeutics. 

The  best  method  of  verifying  these  points  is  to  place  one  large 
sponge  electrode,  well  moistened,  on  some  indifferent  point,  and  to 
finiily  press  a  small  negative  f  electrode^  also  well  moisteued,  over  the 
spot  where  the  nerve  or  muscle  should  be  affected.  If  tlie  right  place 
is  touched,  and  the  strength  of  the  current  and  the  pressure  be  suffi- 
cient, the  normal  physiological  action  of  the  part  affected  will  at  once 
appear.  In  the  case  of  muscles  contraction  will  take  place,  accom- 
panied with  a  feeling  of  contraction  ;  in  the  case  of  nerve-branches  and 
plexuses*  there  wil!  be  sensation  more  or  less  painful  along  the  periphe- 
ral ramifications  of  the  nerves,  and,  if  the  excitation  be  sufficiently 
strong,  contraction  of  the  muscles  which  they  supply. 

•  Die  Electricitat  in  dcr  Medicin.    Berlin^  \WS,    p,  154,  el  seq. 
\  The  negative  is  Eo  be  preferred,  because  it  u  the  stranger,  «nd  nets  more  po^fvr 
fatly  in  pioducung  cQatiActionL 


284 


ELE<JTRO-THERAPEUTlCAL  ANATOMY, 


It  is  not  to  be  understood  that  a  studious  regard  for  all  of  these  dec 
trie  points  Is  always  necessary  in  making  applications  of  electricity.  In 
Che  norma,  condition  most  of  the  superficial  and  many  of  the  deepei 
muscles  and  nerves  are  easily  excited  by  ordinary  labile  applications 
with  large  sponge  electrodes.  Some  of  tJie  muscles  have  two  or  more 
motor  pointb,  and  axe  thereicre  more  readily  affected  by  large  than  by 
small  electrodes 

A  large  sponge  electrode  of  from  3  to  6  or  S  inches  in  diameter,  folded 
over  a  brass  ball,  such  as  is  used  in  general  faradt nation, — causes  full 
contraction  of  a  niajoiity  of  the  su^>erncial  and  deep  muscles  when  rapidJy 
passed  up  and  down  the  timbs. 

But  when  the  muscles  have  become  diseased,  so  dial  they  respond 
with  difficulty  to  die  electric  current,  it  becomes  necessary  to  give  spe* 
cial  heed  to  the  situation  of  these  motor  points,  in  order  to  determine 
iheir  actual  electric  condition^  or  10  aid  in  restoring  them  to  their  nor- 
mal condition  by  exciting  ardficial  contraction. 

It  should  be  remarked  furthermore,  that  these  motor  points  vary  in 
different  individuals,  just  as  the  anatomical  relation  of  the  nerves  and 
muscles  varies,  and  that  the  representations  of  the  cuts  can  be  only 
approximately  correct. 

Tlie  points  at  which  the  nerves  and  muscles  of  the  eye<  ear,  and 
laryn:x  can  be  best  electrized,  also  the  best  method  of  electrizing  the 
Cesophagus,  rectum,  genital  and  abdominal  organ  s^  will  be  described  in 
the  chapters  devoted  to  the  diseases  of  those  parts, 

We  present  below  a  brief  description  of  the  points  at  which  the  prin- 
cipal nerves,  plexuses,  and  branches  can  be  be«t  excited  electrically, 
and  aho  the  physiological  effect  on  the  nerves  and  muscles  produced 
by  such  excitation. 

raciai—^i  its  exit  from  the  stylo  mastoid  foramen,  between  the  mas- 
toid process  and  the  angle  of  the  lower  jaw^  or  at  the  opening  of  the 
external  auditory  canal 

Fncum&^asiric—dX  the  lower  and  anterior  part  of  llie  neck,  between 
'he  common  carotid  artery  and  the  jugular  vein  j  inferior  laryngeal — 
between  the  oesophagus  and  Che  trachea  by  the  ganglia  of  the  sympa- 
thetic 

The  superior  cervical  ganglion  of  the  synipathetic  can  be  reached  in 
the  anterior  maxillary  fossa,  just  behind  and  below  the  angle  of  the 
lower  jaw ;  the  middle  cervical^  by  the  side  cf  the  sterno-cleido-mastoid 
muscle,  opposite  the  fifth  cervical  vertebra  \  tlie  infcrwr  cervical^  also 
by  the  inner  border  of  the  sterno-cleido-mastoid  muscle,  opposite  the 
iccond  cervical  and  first  dorsal  vertebrae. 
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Accessary— its  exit  Trom  ;he  stemo-cleido-mziitoid  muscle. 
Hyf^giossns — between  the  stylohyoid  and  hyoglossns  musdcs,  undex 
the  hyoid  bone. 

Phrenic — at  the  outer  border  of  the  stemo-cletdo  mastoid  muscle, 
by  the  anterior  border  of  the  scalenus  anticus,  near  the  omohyoid  mus- 
cle.   Excitation  of  this  nerve  causes  strong  movements  of  the  chest. 

Brachial  phjcus — in  the  supra  clavicular  space,  posterior  to  the 
outer  bonier  of  the  sterno<kido-mastoid  muscle.  Excitation  of  this 
plexus  causes  a  feeling  of  tingling  and  niuiibiitjss  in  the  fingers  and 
down  the  arm,  and,  when  the  current  is  strong,  llexron  of  the  foreariD 
and  fingers. 

Dorsaih  scapular — the  border  of  the  trapezius,  near  the  accessory. 

Supra  Jivj/w/jr/j— just  before  its  entrance  into  the  scapula,  and  ex- 
tcnial  to  the  omohyoid  muscJe. 

Antcrior  thoracic — at  the  upi>er  border  of  the  pectoralis  major,  below 
the  clavicle> 

Paslcrior  iharacic— above  the  clavicle,  near  the  trapezius. 

The  thoracic  nerves  arc  irregular  in  their  distribution,  and  therefore 
dij!icuU  to  find. 

Axiliary — at  the  upper  and  posterior  border  of  the  axilla- 

Musculo  c/ifij/ic^te^—htt'ivccn  the  biccjis  and  coraco-brachialts. 

Mfiiian — in  the  lower  third  of  the  arm,  at  the  iKiint  where  it  crosses 
the  brachial  artery.  Mild  excitation  of  this  nerve  causes  tingling  in  the 
arm  and  fingers ;  a  strong  excitation  causes  closure  of  the  fingers  and 
pronation  of  the  hand- 

Ulmr — at  the  groove  bet^veen  the  olecranon  and  the  internal  con- 
dyle. Kxciialioii  of  this  nerve  causes  ]>ain  in  the  inner  surface  of  the 
forearm  and  contraction  of  the  flexor  carpi  ulnaris,  fiexor  digiiomm 
profundus,  adductor  poUicis  lambricalis,  and  mterossei  of  the  little 
finger. 

R<idial'-\x\  the  lower  third  of  the  arm,  at  the  point  of  its  emergence 
from  beneath  the  triceps.  Excitation  of  this  nerve  causes  tingling  in  the 
outer  part  of  the  arm  and  forearm,  and  down  to  the  wrist ;  strong 
excitation  produces  extension  of  the  first  plialanges  of  the  fingers,  ex* 
tension  of  the  hand  and  thumb  and  supination  of  the  forearm,  contrac- 
tions of  the  extensor  carpi  radialis  and  iilnans,  extensor  digitonim  com- 
numi*t,  extensor  minimi  digiti,  extensor  indicU  prop,)  extensor  polUcia 
longti^  afid  brcm,  adductor  pollicis, 

Sctaiic — in  the  t]iigh,  posterior  to  the  head  of  the  femur^  at  the  point 
where  the  nerves  issue  from  the  pelvis,  or  in  the  |>elvis,  through  th< 
posterior  wall  of  the  rectum.    Electrization  of  thi^  nerve  causes  aensa- 
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FlO.  42.    Electxo-therapeutical  Anatomy  of  the  Human  Body.    Anterior  view. 
(For  explanations  lee  tetter^pres^) 


POSTERIOR  VIEW  OF  HUBfAN  BODY. 
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tions  of  tingling  in  the  leg  below  the  knee,  and  foot,  sicHar  1c  dios« 
wliich  we  so  often  experience  when  we  accidentally  sit  on  ;he  sciatic 
nerve. 

Crural — ^just  after  Its  exit  from  beneath  Poiiparf  s  ligament,  exterioT 
to  the  crural  artery.  Electrization  of  this  nerve  cavises  sensations  in 
those  parts  of  the  leg  that  are  supplied  by  its  branches. 

Obturator — on  the  horizontal  branch  of  the  pubic  bone.  If  the  ap- 
plication is  successful,  and  the  current  used  sufficiently  strong,  the  thigh 
is  abducted. 

PopUital — in  the  outer  part  of  the  popliteal  space.  Elcctrizalioo  of 
this  nerve  causes  vigorous  contraction  of  the  muscles  that  move  the 
foot  upward  and  outward* 

Peroneal — on  the  posterior  border  of  the  capitulum  fibulas.  Exciisu 
tion  of  this  nerve  causes  contraction  of  the  tibialis  anticus,  peronei 
muscles,  extensor  digitorum  commtini*  longus,  extensor  digitorum  com- 
munis brevis,  and  extensor  halUicts  longus. 

Tibial. — This  can  be  reached  on  the  middle  and  outer  part  of  ihe  knee. 
When  strongly  electrized,  contractions  arise  in  the  muscle  of  the  pos- 
terior part  of  the  leg.  The  tibial  nerve  can  more  easily  be  reached  in 
the  depression  posterior  to  the  internal  malleus, 

Farado^sensibiitty  of  ihe  Surface  of  the  Bady. —  Very  many  muscles 
have  no  accessible  motor  points,  and  must  therefore  be  electrized  intra- 
muscularly. Practically  this  is  done  in  the  majority  of  cases.  We  pre- 
sent in  tJje  accompanying  cuts  a  bird's-eye  view  of  the  electric  points  of 
the  prominent  nerves,  plexuses,  and  muscles,  and  of  the  relative  sen- 
sitiveness of  different  parts  of  the  surface  of  the  body  to  the  faradic  cur- 
rent. 

The  relative  sensitiveness  of  the  different  parts  of  the  surface  of  tlie 
body  to  faradisation,  we  have  also  ascertained  by  ntimerous  compara 
live  observations  on  persons  in  health,  with  the  moistened  hand  and 
we II- moistened  sponge  electrodes.  The  method  of  making  these  obacr- 
tions  is  to  place  the  patient  in  the  position  for  general  faradization,  with 
his  feet  on  the  plate  to  which  the  negative  pole  is  attached,  while  the 
experimenter  applies  the  positive  all  over  the  surface  of  tte  body. 

Degrees  of  Farado-settsi^iitty. — We  have  distinguisheJ  five  degrees 
of  sensitiveness,  the  highest  being  marked  one.  For  all  practical  pur- 
poses these  are  sufficient ;  approximate  accuracy  is  all  that  is  attempted. 
The  sensitiveness  of  the  body  when  irritated  by  the  fara<fic  current  it 
due  partly  to  the  quality  and  position  of  the  sensory  nerves,  and  partly 
Eo  the  peculiar  feeling  that  attends  muscular  concraxrtion  (electro-muft* 
ctilar  sensibility). 
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The  feeling  of  muscular  contraction  amotmls  in  some  insiancea  to 
actual  pain,  so  that  a  part  which  is  not  richly  supplied  with  &cusor> 
nerves  may  yet  be  very  sensitive  to  ihe  current.  This  is  especially  the 
case  with  ihe  sterno-cleido-mastoid  muscle,  which  on  being  touched 
near  its  centre  contracts  with  a  painfnl  jerk.  The  snine  is  true,  to  a 
less  extent,  of  the  trapezius,  the  flexors  of  the  arm,  and  of  ihe  pert  ftei 
muscles.  In  all  parts  where  no  muscular  coniractions  are  produced, 
the  sensitiveness  of  the  surface  of  !he  body  depends  on  the  quality  and 
position  of  ihe  sensory  nerves,  antl  bears  a  pretty  constant  relation  to 
its  sensitiveness  to  ordinary  mechanical  irrtaiion. 

Thus  it  will  be  observed  that  the  parts  which  are  most  sensitive  to  a 
blow  or  fall,  or  to  any  mechanical  injury^— as  the  head,  face,  or  surface 
of  the  bones,  clavicle,  sternum,  scapnla,  patella,  etc.,^are  likewise 
marked  highest  in  the  scale  of  sensitiveness  to  the  current. 

To  guard  against  error  it  is  necessary — 

1,  To  use  always  the  same  electrode  and  the  same  direction  of  the 
current ;  therefore  the  negative  pole  should  be  kept  at  the  feet  during 
the  entire  sitting. 

a.  To  make  the  pressure  of  the  electrodes  uniform,  and  to  moisten 
well  all  parts  supplied  with  hair. 

3.  To  use  the  moistened  hand  for  the  head  and  face*  The  head,  es- 
pecially, is  90  exceedingly  sensitive  to  the  faradic  current  that  it  will 
hardly  bear  a  sufficient  strength  of  current  through  a  sponge  to  make  a 
comparative  estimate. 

It  will  be  observed  that  only  a  few  parts  are  marked  5 — the  middle 
of  the  back,  tlie  outer  surface  of  the  thigh,  and  the  tesricles.  The  peri- 
neum, which  cannot  be  reprtjsented  in  the  cut,  should  also  be  marked 
S.  It  will  be  observed  that  the  points  most  highly  sensitive  are  those 
where  very  sensitive  nerves  pass  over  the  surfaces  of  bones,  as  the  head 
jind  jaws.  Of  the  other  parts  not  represented  in  the  figures,  the  external 
luditory  canal  should  be  marked  i  ;  the  middle  of  the  stenio  clfido-n»as* 
tOid  muscle,  2  ;  the  axilla,  3  ;  and  the  ends  of  all  the  fingers,  2  ;  the 
nnder  side  of  the  penis,  2  ;  the  point  between  the  penis  and  scrotum,  4  ; 
the  under  surface  of  the  heel,  the  plantar  arch,  the  ball  of  the  foot,  4.  IJ 
the  eittemal  auditory  canal,  drum  of  the  ear,  conjunctiva,  nasal  niucoua 
membrane,  tongue,  and  larynx  were  re]}resented  they  should  be  marked 
a  degree  or  two  higher  than  i,  since^  they  are  more  sensitive  than  any 
portion  of  the  surface  of  the  head.  The  best  point  to  test  a  current  of 
extreme  feebleness  is  the  tip  of  the  tongne* 

T/t/  rfcfum^  urethra^  and  vagina  are  hut  iitih  smsiiivt  to  the  current 

in  fom/jrif4?n  with  the  mucous  membranes  of  the  m&uth^  except  at  thcu 
10 
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external  orifices.  Tliey  might  be  marked  4  or  5.  The  os  uteri  ind  the 
Ijladdcr  wDtild  be  uiarked  4,  5, 

It  should  be  distinctly  understood  that  ihebe  remarks  apply  to  tlic 
ai)l>licatioTis  of  the  faradic  current  with  electrodes  sufficiently  moistened 
10  allow  the  current  to  pass  readily  through  the  epidermis.  In  dry 
faradization  the  results  are  somewhat  different,  the  pain  at  all  parts  be- 
ing far  less. 

Farado-sensibihty  as  compared  with  Galvanfi^ensibiliiy.'^TXie  gal- 
vanic current  causes  a  burning  sensation  wherever  it  is  apphed  ;  but  this 
is  most  sensitively  felt  at  those  parts  that  are  abundantly  supplied  by 
sensory  nerves*  This  burning  feeling  increastfS  with  the  length  of  time 
that  the  current  itr  applied. 

The  greater  sensitiveness  of  the  bones  to  the  faradic  current,  as  com- 
|>ared  with  the  galvanic  current,  is  due  to  the  greater  mechanical  action 
uf  the  former*  An  interrupted  galvanjc  current,  of  sufficient  strength 
to  produce  muscular  contractions,  protUict^s  the  same  stjnsations  as  the 
faradic  current,  with  the  addition  of  the  buming  feeling  at  the  surface 
beneath  the  electrodes.  The  fact  lhat  the  galvanic  current  is  less  pain- 
ful 10  the  surfaces  of  the  bones  gives  it  a  certain  advantage  in  making 
ai>plications  to  the  head,  alihough  the  pain  of  the  faradic  current,  when 
Applied  to  the  head  by  the  moistened  hand,  may  be  reduced  to  a  mini- 
nmni. 

A  Kmnvhdf^e  of  tht  JVormai  Ekt'trO'^msihiUfy  0/  the  Body  essential  in 
Eiittrv-dtagrtosis  and  Electro  therapeufics. — A  knowledge  of  the  relative 
sensitiveness  of  the  different  parts  of  the  body  to  the  electric  current 
is  indispensable  both  in  electro  diti^^nosis  and  electro-therapeutics.  It  is 
at  once  obvious  that  to  determine  Uy  the  electric  test  the  extent  of  ana?&* 
thesia,  or  loss  of  electro-muscular  sensibility,  in  cases  of  paralysis,  with- 
out a  previous  knowledge  of  Ihe  normal  sensitiveness  of  the  parts  to  the 
electric  current  and  the  normal  fettling  of  electro-muscular  sensibility  in 
[he  affected  muscles,  is  simply  imiiossible.  From  a  want  of  this  knowl- 
edge very  important  mistakes  are  made  in  electro-diagno^s*  In  local 
and  general  faradisation  a  knowledge  of  the  relative  sensitiveness  tf  aEl 
the  parts  of  the  surface  of  the  botly  enables  one  to  make  an  application 
which  would  otherwise  be  painful,  and  perhaps  injuricar«,  both  painleM 
Bnd  refreshing. 


CHAPTER  VrL 


APPARATUS  rOR  HLECTRO  THERAPEUTICS. 

The  general  princi|>les  on  which  batteries  are  constructed,  as  wc\ 
2s  mimitedescriplion  of  some  of  the  best  kno^vn  dements,  have  alread> 
been  presented  in  the  section  on  elcctrp  physics.  In  this  chapter  we  pro- 
pose to  speak  only  of  those  coiiibinaiions  of  dements  that  arc  used  in 
electro  thcrapeutic.%  and  onr  descriptions  will  be  of  a  general  character, 
having  reference  mainly  to  ihe  practical  use  and  care  of  ihem  by  the 
electro  iherai>eutisL 

Before  entering  on  ilie  description  of  appara.tiis  a  ftw  general  re- 
marks may  be  appropriate. 

1.  A  good  battery  is  not  all  that  ts  necessary  to  malec  a  good  elrrtrrv 
therapeutist. 

riiere  exists  an  impression,  quite  widely  prevailing  in  the  professioiii 
tliat  the  beginning  and  the  end  of  the  great  science  of  dcctro-therapen- 
tics  is  to  get  a  battery.  This  impression  has  wrought  much  evil.  It 
has  been  the  means  of  leading  physicians  to  invest  ittne  and  patience 
and  money  in  a  department  for  which  they  have  no  quaiification.  The 
purchase  of  a  battery  is  simply  a  first  step  in  the  right  direction  ; 
it  is  ihc  beginning  of  a  long  road. 

One  wlio  uses  electricity  in  medicine  requires  good  apparatus*  jtist 
as  the  surgeon  requires  good  insiniments  and  the  carpenter  good  tools  ; 
butas  toots  cannot  mstkc  a  cart>encer,  nor  iDStruments  a  surgeon,  so  a  bat- 
tery cannot  make  one  skilful  in  the  therapeutical  use  of  electricity.  It  is 
not  the  battery,  it  is  the  brains,  that  makes  a  good  deciro  therapeutist, 

2,  The  best  and  most  recent  apparatus  is  not  so  simple  as  to  entirely 
dispense  with  the  need  of  care  and  experience  on  the  part  of  the  physi- 
cian. 

The  advance  in  the  construction  of  apparatus  for  electro-therapeu- 
tics had  been  very  great,  but  not  sufficient  to  make  it  possible  for 
Ikradic  or  galvanic  apparatus  to  keep  in  order  without  attention. 

Just  as  tile  fire  in  the  grnte  goes  out  unless  the  coil  is  replenished, 
sis  the  gas  is  extinguished  when  the  supply  is  shut  offi  so  electricity 
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generated  in  a  batteiy  ceases  to  flow  unless  the  metals  consumed  in  Ihf 
chemical  action  are  replaced  or  repaired. 

The  best  and  simplest  of  batteries  ivill  soroetimes  get  out  of  order. 
Unexpected  cotitiitgencies  will  arise  that  demand  soane  knowledge  of 
applied  electro-physics.  The  knowledge  can  be  obtained  only  by  study 
and  experience. 

3.  Whatever  choice  we  ruAke  in  otir  apparatus  at  the  present  day,  we 
shall  probably  not  make  any  very  serious  mistake.  A  few  years  ago  it  was 
impossible  to  get  a  really  good  apparatus  for  electro 'therapeutics  ;  now 
tt  is  almost  Ltnpossible  to  gel  a  really  bad  one. 

4.  An  apparatus  to  which  we  are  accustomed  is  much  more  tractable 
in  our  hands  than  a  far  superior  apparatus,  the  management  of  which  is 
new  to  us.  It  is  with  batteries  as  with  babies — every  man  thinks  his  own 
is  the  best.  We  see  the  same  principle  illustrated  in  instruments  for 
general  and  special  surgery. 

77td  Induction  CoU :  lit  Varu/ifs^  and  the  Differential  Indieati&m 
f0r  their  Use, — There  are  in  [he  market,  and  in  common  use  among 
physicians,  two  quite  different  forms  of  apparatus.  The  first  is  termed 
a  separate  coil,  and  ihe  second  a  caniittttous  or  single  cuil  apparatus^ 
The  separate  coil  apparatus  is  the  one  Jnost  commonly  used  and  the 
one  most  generally  understoosl.  The  separate  coil  is  the  variety  de- 
scribed and  illnstraled  in  every  text-book  of  physics*  but  not  in  sufficient 
detail  to  make  clear  its  mechanism  when  nsed  for  medical  purposes. 
The  accompanying  diagram  (Fig.  44)  illuslrates  ihe  course  atid  in- 
Auence  of  the  electric  current  in  an  ordinary  separate  coil  faradic 
apparatus. 

All  induction  machines  are  composed  of  not  less  than  two  coils. 
The  first  or  primary  coil  consists  of  a  large,  well-insulated  wire  sur- 
rounding a  bundle  of  soft  iron  wire,  which  forms  a  magnetic  centre. 
Over  this  first  or  primary  coil  is  wound  a  coil  composed  of  several  con- 
volutions of  fine,  well-insulated  wire  for  the  induced  current*  The 
terminals  of  the  first  or  primary  coils  of  wire  are  united,  one  end  to 
the  battery  that  operates  the  coil,  and  the  other  to  the  part  of  the 
automatic  theotome  according  to  the  following  description,  As  the 
battery  is  the  important  factor,  let  us  start  from  it  and  follow  the  con- 
nections and  action  of  the  combinations  that  produce  the  effect : 

The  positive  pole  (P)  of  the  battery  is  connected  with  the  governor 
marked  A  (Fig.  44),  The  negative  pole  (N)  of  the  battery  is  connected 
with  the  first  end  of  the  primary  coil,  while  the  last  end  of  the  primary 
coil  is  connected  with  the  spring  support  B.  The  electro-motive  force 
is  conveyed  from  the  battery  through  the  primary  coil  10  the  sprmg  sup- 
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port  B  (rheotome),  thence  to  the  [jlatina-pomted  screw  of  the  governor 
D,  and  lastly  to  the  battery^  making  the  complete  circuit. 

In  the  centre  of  the  coil  and  surrounded  by  the  soft  iron  wires  is 
placed  a  soft  iron  rod.  One  end  of  the  rod  is  bent  at  right  angles,  so 
ihat  the  hammer  on  the  spring  is  directly  over  and  can  move  toward 
ihis  soft  iron  rod,  marked  C«  When  the  vibrating  spring  is  resting 
against  the  ptatina-pointed  screw  D  and  the  battery  is  connected  with 


A 
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the  coil,  ihe  current,  as  it  passes  over  the  wire  of  this  primary  coil,  ren- 
ders magnetic  both  the  centre  bundle  of  soft  iron  wires  and  the  soft 
iron  rod. 

The  magnetism  is  of  sufficient  force  to  attract  the  soft  iron  hammer 
on  the  spring,  and  draw  it  down  or  near  to  the  nia^etized  rod  C, 

This  movement  of  the  spring  severs  the  connection  between  the 
spring  and  the  plaCina-pointed  screw  D  and  opens  the  circyit.  The 
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soft  iron  rod,  iherefore,  loses  its  magnetism.  The  spring  ceases  to  be 
held  down,  iu  tension  being  sufficient  lo  raise  it  to  a  horizontal  position, 
where  it  again  rests  in  direct  cotitact  with  the  platina-potpted  screw  D» 
Again  the  circuit  is  closed  nnd  the  process  as  de- 
scribed is  repeated  wilh  inconceivable  rapidity.  By 
the  action  of  the  battery  current,  a£  it  is  conveyed 
over  the  primary  coil,  and  the  influence  of  the  mag- 
netized bundle  of  soft  iron  wires,  a  current  is  induced 
upon  the  second  coil  of  fine  wire  which  surrounds  the 
primary  coil.  This  power  of  induction  can  be  estab- 
lished to  the  fifth  and  sixth  coil,  and  further  if  the  mag- 
netic field  is  properly  arranged. 

In  the  ordinary  form  of  induction  coil  just  de- 
scribedi  the  terminals  of  the  secondary  or  fine  wire 
coil  are  free  and  in  no  manner  connected  with  the 
primary  circuit.  The  influence  of  magnetism  pro- 
duces  a  current  which  we  call  pure  induced. 

In  the  continuous  coil  apparatus,  on  the  contrary, 
we  not  only  receive  the  inductive  influence,  but  the 
primary  influence  as  well,  since  it  is  carried  over  in 
»  combinution  with  the  induced  currents.  Although 
^  called  a  continuous  coil,  it  is  really  made  itp  of 
several  distinct  coils,  and  each  successive  coil  in- 
creases in  length  but  decreases  in  thickness*  These 
coils  are  wound  over  each  otherj  and  are  tapped  at 
diff'erent  portions  of  their  lengthy  bnt^  unlike  other 
forms*  they  make  direct  connection  with  each  other. 
This  accounts  Tor  an  apparent  contradiction  of  temis 
that  might  prove  confusing. 

These  coils  (Kig.  45)  are,  for  convenience  of  iUus- 
tration,  represented  by  the  upper  straight  lines  I,  11, 
111,  IV^  termed,  respectively,  the  primary,  first,  sec- 
ond, and  third  induction  coils.  The  letters  A,  B> 
D,  K  represent  the  different  posts  of  the  continuous 
coil  apparatus  to  which  the  conducting  cords  are  at- 
tached, while  the  nninerals  1^  2,  5,  4,  etc.,  indicate 
™ — "  the  combinations  by  which  are  obtained  ten  different 
[  qualities  of  current.    The  short  line  marked  1,  start- 

ing from  A^  represents  the  current  from  the  short, 
thick,  primary  coil  marked  1.  Second  line  (2^  current  from  the  primary 
and  first  (l»  II)  induction  coils  combined.  Third  line  (j),  current  from 
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the  primary  anil  first  and  secoiiil  (1^  II,  III)  induciion  coils.  Fourth 
line  {4)j  ctJfrent  from  ihe  primary,  first,  second,  and  third  ^I,  11,  III, 
IV)  induction  coils.  Fifth  line  (5),  current  from  the  first  (II)  induc- 
tion coil  only.  Sixth  line  (6)»  current  from  the  first  and  second  (II, 
HI)  induction  coils.  Seventh  line  (7),  current  from  the  first,  second, 
and  ihird  (11,  IIJ,  IV)  induction  coils.  Eighth  line  (8),  current  from 
the  second  (III)  induction  coil.  Ninth  line  (9),  current  from  the  sec- 
ond and  third  (HI,  IV)  induction  coils  combined.  Tenth  line  (10), 
current  from  the  Jliird  ( IV)  induction  coil  only, 

Therapeuiical  £onsideratiens.^\^\\^w  we  consider  the  many  combina- 
tions that  are  jjossible  in  the  continuous  coil  apparatus,  iind  the  different 
qualities  uf  current  that  result  therefrom,  lis  general  superiority  over  the 
separate  coil  is  bufficienlly  evident;  and  this  superiority  becomes  more 
marked  if  we  cxajuine  into  the  varied  physical  and  physiological  efTccts 
produced  by  these  coinbiuaiions. 

Our  object  of  inquiry,  however,  is  not  as  to  the  relative  merits  of  dif* 
fercnt  machines,  but  as  to  the  coniparaiive  value  of  and  the  differential 
indications  for  the  use  of  the  various  combinations  of  the  continuous 
cail  apparatii?.  This  point  of  inquiry,  although  less  important  llian 
when  it  relates  lo  the  two  forms  of  dynamic  electricity,  is  yet  of  no  little 
account,  and  in  some  respects  has  been  found  to  be  more  difficult  of 
solution. 

Notwithstanding  the  many  qualities  of  current  that  are  derived  from 
the  continuous  coil,  I  have,  after  much  observation,  reduced  to  three 
the  nuniber  of  combinaiions  that  seem  to  be  wortliy  of  differential  con- 
sideration. 

Every  therapeutic  result  that  can  be  obtained  by  any  of  the  ten  com- 
binations heretofore  considered  will  in  all  probability  result  from  the 
use  of  some  one  of  the  lollowing  : 

1.  The  current  from  the  primary  coll,  as  represented  by  the  line 
marked  i  (Fig,  45). 

2.  The  cuirent  from  the  primary  and  the  first  and  second  induction 
coils  in  combination^  as  represented  by  the  line  marked  3. 

3.  The  current  from  the  primary  and  the  first,  second,  and  third  in- 
duction coils  in  combination,  as  represented  by  the'line  marked  4. 

The  primary  coil  yields  a  cuiTcnt  of  large  quantity  but  of  small  ten- 
sion, owing  lo  the  fact  that  the  wire  of  which  the  coil  is  composed  \% 
short  and  thick.  It  is  worthy  of  notet  however,  that  this  current  has 
considerable  chemical  power  It  'anil  burn  iron  or  steel,  giving  forth  a 
bright  deflagrating  spark,  and  will  readily  electro-plate,  an  effect  not 
obtainable  with  any  of  the  induction  cotlSf  either  alone  or  in  combina- 
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rion  with  each  other  This  cuircnt  is  apparently  very  weak,  and  in- 
duces but  slight  tnuscuUr  contractions  in  the  healthy  person.  In  occa- 
sional pathological  conditions^  however,  this  mild  current  acts  with 
unexpected  energy,  producing  muscular  contractions  far  exceeding  in 
vigor  those  that  are  called  forth  by  the  stronger  action  of  the  indttction 
coils. 

On  account  of  its  mild  but  efficient  action  the  current  from  ihe  pri- 
mary coil  is  prefciaUlo  for  aj^plicalions  to  the  head  and  the  more  sensi- 
tive portions  of  the  body^  and  it  wlll^  a  rule,  relieve  pains  of  a  true 
ncurnlgic  character,  and  especially  when  great  tenderness  exists  along 
ihc  course  of  the  nerve,  far  more  L-fiVctually  Ihflo  the  current  from  any 
of  the  induction  coils.  It  is  impossible  to  account  for  thi&  frequently 
observed  fact,  unless  it  be  ascribed  to  a  combination  of  the  batiery 
and  the  inductive  influence.  When  dealing  with  an  agent  so  subtle  and 
so  little  understood  as  eltctricityf  it  is  dithcult  to  express  onc^s  meaning 
in  terms  altogether  saiLsfactoryy  but  that  such  a  combination  is  active 
and  eflfective  is  evidenced  by  the  readiness  with  which  electrolytic 
cQcrcts  are  produced.  Aslhenopla  is  a  symptom  that  1  have  known  to 
be  greatly  relieved  and  even  cured  many  times  by  electricity,  but  more 
especially  throujjh  the  use  of  the  primary  coiL  The  tired^  aching  eye 
is  both  temporarily  lestexl  after  each  sitting  and  permanently  strength- 
ened by  continued  treatment.  There  seems  to  be  little  appreciation, 
either  among  ophthalmologists  or  general  practitioners,  of  the  gr^ai 
relief  that  may  follow  this  treatment  in  the  many  cases  where  the  eyes 
ache  severely,  if  used  even  for  a  little  time  before  breakfast  or  at  twi* 
light,  or  where  neuralgic  pains  exist  in  or  near  the  eye,  or  where  there 
is  annoyance  from  muicte  volitanles. 

As  we  include  in  Ihe  circuit  with  the  primary  the  various  induction 
coils,  the  current  increases  in  strength  with  each  coil  that  is  added. 
With  the  addition  of  the  first  induction  coil  a  nmch  greater  strength  is 
apparent^  but  the  combination  has  no  marked  physical  or  physiological 
effects  that  need  detain  us.  Hy  including  also  ihc  second  induction 
cotl  in  the  circuit,  however  (line  marked  5,  Pig*  45),  we  obtain  a  cur* 
rent  of  a  peculiar  and  unique  quality.  Like  the  primary  coil,  it  will 
clectro-piate,  but,  unlike  itj  it  will  not  burn  steel  or  iron.  The  pecu- 
liarity of  this  combination  of  the  coils  is  thai  the  maximum  of  power  to 
contract  muscular  tissue  is  here  obtained.  Each  additional  coil  now 
that  is  attached  simply  gives  a  decreasing  contractile  power.  Why  the 
maximum  of  current  strength  is  reached  in  the  combination  of  the  pri- 
mary with  Ihe  first  and  second  induction  coils  it  is  di(?icuU  to  say,  ex- 
cepting as  we  ascribe  it  to  the  law  of  harmony  or  polariicalion  that  b 
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brought  about  by  properly  conduionmg  the  magnetic  cenlre  of  the 
helbf,  ihc  several  coik  corii[>c)King  ih?  helix,  ^nd  the  battery  influence 
actin{r  upGzi  the  coils.  The  current  from  this  combinaiion  is  not  a.t  all 
pleasant;  it  is  keen  and  cutting  in  character,  and  wiih  its  strong  con- 
iractile  properties  lE  is  i>eculiar]y  adapted  to  those  cases  where  powcr- 
fid  impressions  are  called  for.  Hence  in  not  a  few  cases  of  paralysis 
where  !hc  response  10  galvanism  is  perfect,  but  where  ihtre  is  a  diminu- 
tion of  farado-muscular  contractility,  1  have  found  it  prefcraljle  to  any 
of  the  other  qualities  of  current  to  be  derived  from  the  continuous  coil 
aijparaUis. 

Ill  superhcial  forms  of  anaesthesia  it  is,  perhaps,  in  no  way  supe- 
rior, but  in  certain  persistent  and  more  deeply  seated  forms  of  lost  or 
pervetted  sensibility  it  is  decidedly  more  ifticacious  than  other  coin- 
bmations.  Its  greater  contractile  power  over  muscular  tissue,  boih 
voluntary  and  involuntar)',  renders  it  more  efficacious  in  cases  of  nieii' 
fitrual  suppression,  and  also  for  atrophied  conditions  of  the  uterus,  for 
which  so  rouch  has  been  done  by  electrical  methods  of  treatment.  In 
cases  of  dysmenorrh<]ea,  as  well  as  in  the  various  neuralgias,  my  experi- 
ence leads  me  to  cxchide  its  use.  Faradisni  has  been  iised^  and  with 
success,  to  destroy  the  foitus  in  extra-uterine  jiregnancy.  While  I 
greatly  prefer  the  galvanic  current,  having  always  used  it  without  the 
slighicst  ill  effect,  jet  if  the  faradic  is  employctl  I  should  not  recom- 
mend the  cutrent  from  the  colli  now  under  consideration,  but  the  one 
presently  to  be  described;  for  with  this  latter  form  we  obtain  elfccis 
equally  destructive  to  the  ftjelal  life  and  with  less  violence  to  the  con- 
tractile tissues  of  the  mother.  There  arc  several  other  differential 
points  connected  with  the  use  of  tJiis  series  which  suggest  themselves, 
but  they  are  of  minor  importance. 

One  other  condition,  however,  deserves  mention-  Impaired  virility 
is  a  defect  for  which  relief  is  very  often  sought.  Its  influence  upon  the 
tnind  is  tuost  unfortunate,  and  it  should  be  understood  that  electricity 
19  often  of  very  considerable  benefit  in  these  cases.  It  is  sufficient  to 
$ay  that  no  case  which  is  in  any  way  hopeful  should  be  abaniioned  until 
the  current  from  the  primary  and  first  and  second  induction  have  been 
tried. 

When  we  include  in  the  circuit  not  only  the  primary  and  the  first  and 
second,  but  also  the  third  induction  coil,  as  represented  by  the  line 
marked  4,  effects  are  obtained  more  interesting  and  satisfactory  than 
from  any  of  the  other  combinations. 

These  effects  are  pre-eminently  tonic  and  sedative  in  character,  and 
give  for  this  quality  of  current  a  range  of  usefulness  wider  than  can  be 
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ascribed  to  ihe  others,  It  is  in  the  operation  of  general  faradization, 
when  we  desire  to  obtain  the  best  constitutional  tonic  eifect  that  elec- 
tricity is  capable  of  giving,  that  we  resort  to  this  combination  of  the 
primary  and  induction  coils.  Its  action  on  the  motor  and  sentient 
nrr^'es  is  less  severe,  aiid  its  general  effects  far  more  agreeable.  For 
the  relief  of  that  great  army  of  syn>ptonis  that  are  so  familiar  and  so 
perplexing  to  those  who  hav^e  had  much  To  do  vviih  neura&ihenic  cases, 
there  h  nothing  to  be  compared  with  it.  Even  ihe  galvanic  current  by 
the  method  of  central  galvanization,  so  important  in  its  direct  effect 
upon  the  central  nervous  system,  falls  shorC  of  ihe  therapeotic  results 
that  follow  well-directed  applications  of  general  farad^^ation.  When 
persistent  faiKire  follows  endeavors  along  this  line  of  clectriiaiJon,  the 
cause  of  failure  must  be  ascribed  to  hasty  and  faulty  methods  of 
administraiton. 

RtJLES  FOR  THIC  USE  A:SV  CARE  OF  KIDDER's  FARADIC  APPARATUS 

(Kig.  46). 

The  directions  that  we  give  under  this  head  will  apply  in  general  to 
all,  or  nearly  all,  faradic  machines,  and,  therefore,  need  not  be  repeated 
in  the  descriptions  of  other  machines  that  are  ilhistraled  in  this  volume. 

Tit  prfparf  tht  Af'paratus  for  Us^, — Fill  the  glass  jar  with  a  solution 
of  water  and  sulpliuric  acid— one  part  sulphuric  acid  to  eight  or  twelve 
parts  water.  It  is  not  necessary  to  be  rigidly  maihemalical  in  regard 
lo  the  quantity  of  ihe  sulphuric  acid.  The  average  proportion  is  one- 
tenth,  bul  it  may  range  between  one- sixth  arid  anc-sixtccnih.  The  jar 
fthuuld  be  about  two  thirds  filled  with  the  soluttr»u, 

[t  is  also  necessary  to  put  about  a  teasfvoonful  of  quicksilver  in  che 
cup.  This  touches  ihe  lower  end  of  the  zincs  and  keeps  them  con- 
stantly amalgamated.    (See  Kicciro-Physics,  p.  37,) 

The  quicksilver  should  not  be  allowed  to  touch  the  central  ptale  of 
pUtmum,  as  it  may  injure  it.  In  some  of  ihc  modifications  of  ihis 
apparatus  it  is  necessary  lo  close  the  prongs  between  one  of  Ihe  brass 
posts  that  is  labelled  and  the  one  m  the  middle  that  has  no  label. 

The  apparatus  is  now  ready  for  action.  If  the  spring  does  not  at 
once  vibrate,  give  it  a  slight  stroke  with  the  finger.  If  it  still  refuses 
to  vibrate,  it  may  be  necessary  lo  readjust  Ihe  screw.  If  the  spring 
vibrates,  but  irregularly  or  too  slowly^  the  evil  may  usually  be  remedied 
by  readjusting  the  screw. 

Now  connect  the  strings  attached  to  the  electrodes  with  the  lettered 
posts.  A  is  always  the  positive  polcf  and  B,  C,  and  D  are  always  nega- 
tive relatively  to  A. 
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Tij  disfjnxuis/t  thi  Pdes.^W.  is  always  possible  to  distinguish  the 
negative  pole  by  holding  the  eleclrodes  for  a  moment  in  the  two  hands; 
the  one  in  which  the  current  is  strongest  feit  is  the  negative  pole. 

If  the  a|;paratus  refuses  to  go,  or  if  it  stops  at  any  time  while  in  use, 
the  cause  may  be  looked  fot — 

1.  In  the  sareto  oj  the  rhcoi&me  m'  currenuhre^ker.  This  may  not  be 
properly  adjusted.  The  point  may  be  too  far  from  the  spring,  or  too 
closely  pres&ed  upon  it.  This  want  of  proper  adjustment  of  ihe  screw 
is  the  most  frequent  cause  of  a  stopping  of  the  machine,  and  of  the  re- 
fusal of  the  spring  to  vibrate.  The  spring  may  sometimes  be  corroded 
at  ihe  point  where  the  screw  touches  it. 

2.  Jn  ihe  connecthn  of  the  wires.  The  wires  that  unite  the  zincs  and 
platinum  may  not  be  properly  screwed  at  their  point  of  connection,  or 
may  be  corroded. 

5,  In  ihe  haifety  itself.  The  battery— that  is,  the  zinc  and  platinumf 
with  the  solution  in  the  glass  jar— may  gel  out  of  order  in  four  ways* 
Firsts  the  solution  may  lose  its  strength.  This  difficulty  may  be  ren^e- 
died  either  by  pouring  in  some  sulphuric  acid,  or  by  making  an  entirely 
new  solution,  or  by  simply  adding  more  water,  Secondty^  the  zincs  may 
become  £o  curroded  and  incrusled  as  to  become  incapable  of  generating 
a  current*  When  we  have  reason  to  suspect  that  such  is  the  case  we 
should  clean  them  with  an  old  tooth-brush  or  cloth,  or  amalgamate 
them.  When  the  ^incs  have  lost  their  amalgam,  local  action  may  lake 
place;  tl>is  will  be  indicated  by  rapid  evolution  of  hydrogen,  Thirdiy\ 
a  portion  of  the  mercury  may  have  fallen  onto  the  platinum,  and  covered 
it.  When  this  happens,  little  tjr  no  current  can  be  obtained.  Fourthly^ 
the  platinum  and  the  zincs  will^  in  time,  by  hard  and  long  usage,  wear 
out,  and  will  need  to  be  replenished. 

4,  In  the  helix.  It  is  very  rarely  indeed  that  the  helix  of  this  appa- 
ratus ever  becomes  so  injured  as  to  become  incapable  of  service.  If, 
after  we  have  properly  adjusted  the  screw  and  springs  made  sure  of  the 
connections  of  the  wires,  replenished  the  solution,  and  cleaned  the  zincs, 
the  apparatus  persistently  refuses  to  go,  we  have  reason  to  suspect  that 
something  may  be  wTong  with  the  wires  that  compose  the  helix.  If 
such  be  the  case  the  evil  can  be  remedied  only  by  the  inventor  himself^ 
or,  at  least,  by  someone  practically  famiiiar  with  the  construction  of 
helices.  But  we  should  try  very  patiently  and  perseveringly  before  we 
accept  the  conclusion  that  the  helix  is  thus  out  of  order,  for  it  is  an  acci- 
dent of  extremely  rare  occurrence. 

When  no  current  is  felt  at  the  electrodes,  although  the  apparatus  acts 
properJy,  we  know  that  ihe  conneciion  is  l^r&ken  s&meivhere  in  the  insu- 
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lated  c&nducting  wires.  Sometimes  the  union  of  the  wires  wiih  ihe 
electrodes  is  iniperrect,  and  occasionally  the  wire  in  some  part  is  broken. 
Finally^  ihe  elecirodes  themselves  may  become  very  much  corroded, 
and  may  need  cleaning  before  a  good  current  can  be  obtained. 

To  takt  tare  of  the  AppiXratus, — When  not  in  use,  the  element  can  be 
taken  out  of  the  solution.  When  llie  tip  battery  is  used,  all  that  is  necet- 
sary  is  to  merely  turn  over  ihe  jar  If  the  element  remains  loo  long  a 
time  in  the  jar  an  incrustation  of  salt  will  sotnetirnes  accumulate  on  the 
top  of  the  zincs,  which  will  need  to  be  brushed  or  washed  off.  This  salt 
11  the  sulphate  of  zinc,  resulting  from  the  action  of  the  sulphuric  acid  on 
the  2inc. 

We  may  know  that  action  is  taking  place  tn  tbe  battery  when  bub- 
bles of  hydrogen  are  rising  up  by  (he  sides  of  the  ^inc. 


Fjq.  47. 

Faradic  Mxrbinc,  separate  coil,  double  cell,  in  hox  (Galvftno-Faniftic  Manufoctaring 
Co. I.  F  K  (Kig-  4S)  «re  Ihc  two  dementia  of  zUic  carbon ;  A  A  (lie  rod*  by 
which  the  zinc  i*  ruised  fronOt  iirt'l  lowcrcil  into^  thr  solution ;  D  ihc  hammer^ 
and  4  1T1C  titrlix  j^n^rlly  <!niwn  out,  T^e^  macliintrs  are  iim  by  one  ur  twu  £inc- 
Cftrbon  ccH*  (Walker's  Battety,  »cc  p;  :}5,  m  ElcctrwPhysics), 

Mfthods  moiiifyin^  tht  Curr/nt, — The  strength  of  Ihe  current  of 
this  machine  may  be  modified  in  several  way5»  as  follows  : 

I,  It  may  be  niodilied  by  withdrawing  or  pushing  in  the  metallic  tube 
that  covers  the  helix. 

When  this  lube  covers  the  hclisr  au  indefinite  number  of  branch  cur- 
rents are  induced  in  it  that  interfere  with  the  main  current  and  weaken 
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IE.  In  proportion  as  this  is  withdravitt,  ihe  induction  of  branch  currents, 
and  the  consequent  interference  with  the  main  current,  grows  less. 

This  method  of  modifying  the  strength  of  the  current  must  be  used 
continually  both  in  general  and  localized  faradization. 


2.  The  current  may  be  modified  by  increasing  the  quantity  cf  the 
solution,  or  of  the  sulphuric  acid  in  it.  This  meistire  can  be  resorted 
to  when  the  ciirrcrtt  fails  to  accomplish  our  purpose,  even  when  the 
metallic  tube  is  entirely  or  nearly  withdrawn. 


FAUAIMC  APPAUATUfi. 


3.  Whfji  iUg  cnrreni  passes  through  the  body  o(  ihe  operator,  die 
citrrcnt  Diay  be  nioil  ficd  by  increasing  or  diminishing  the  pressure  of 
iIk  hand  on  (he  s]>onge  connected  with  th«  positive  pole  (See,G«n- 
cral  Faradization.) 

The  direttinH  of  the  current  can  b«  changed^  at  any  time,  by  reven- 
iijg  ihe  position  of  the  clf-ctrodes,  or  by  rev  ersing  the  conducting  wires 
ill  the  posts»  or  by  ihe  curreni-reverser,  when  one  is  attached  to  the 
iitachine. 

The  faradic  tnachire  represented  in  Fig,  4$^  bestdes  being  of  the 
separate  coil  variety,  giving  both  the  primary  and  the  secondary  cur- 
rent^ has  also  a  vtrry  cojivenietit  contrivance  for  producing  dow  or  rapid 
inierruplions. 


I  J^.  ^.v- 

Faradic  Machine  (coDtitiuom  coil)  (Thoms**  Hai\). 


The  machine  of  f4aU  is  a  neat,  compact  arrangement,  and  gives  a 
very  pleasant  current,  Chronuited  leatl  is  used  for  (he  electro-nega- 
tive elemeiiL  One  nf  the  metals  is  raised  out  of  the  solution  by  a 
v^ry  convenient  spring,  instead  of  the  jointed  tod, 

AfttgfuU-E/^ciric  Mac/itfics. — The  magmio  tkctrk  (or  so-called 
rotiirf)  niachines  (sec  Electro-Physics,  p,  61)  are  not  much  used  at 
the  present  day.  and  are  not  ordinarily  to  be  recommended*  They  have 
been  employed  largely  and  indiscritninately,  especially  in  this  country, 
and  have  dune  the  cause  of  electro<therapculica  much  eviL  Although 
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the  current  afforded  by  Ihem  is  well  adapted  to  produce  muscular  con- 
ttactions,  and  ts  frequently  of  service  in  the  tresitment  of  paralysis^ 
rheuijiatism,  and  kindred  disorders,  yet,  for  all  the  wide  range  of  dis- 
eases in  whicli  faradic  electricity  is  indicated,  it  is  neither  siilticicntly 
reliable  nor  stiificienlly  effective.  In  most  of  the  conditions  of  irrita- 
bility, in  which  general  faradization  is  most  efTective,  ihis  form  of  elec- 
tricity, as  generated  by  most  of  the  machines,  is  contra-indicatcd,  on 
account  of  the  rough  and  disagreeable  quality  of  ibc  current. 

Another  very  prominent  objection  to  most  of  the  rotary  machines 
in  this  country  is,  that  they  require  the  aid  of  an  assistant  to  turn  ihc 
crank.  This  objection  may  be  met  by  clock-work  attacliinent.  An 
arrangement  of  ihh  kind  is  employed  by  r>r.  Morell  Mackenzie,  of 
Londan,  in  the  treatment  of  paralysis  of  the  larynic ;  but  even  for  ibis 
special  purpose  it  would  seem  to  have  no  advantages,  but  positive  dis- 
advantages, as  compared  with  a  compact,  convenient,  and  reliable 
electro-magnetic  apparatus  as  described  in  the  preceding  pages. 

M.  Gramme  *  has  made  a  jnagneto-electric  machine  which  fnrnishes 
a,  coniinuous  instead  of  an  interrupted  current,  which  in  its  effects  re- 
sembles the  ordinary  galvanic  current.  The  machine  consists  of  three 
rings  of  soft  iron,  around  which  is  an  endless  coil  of  copper  wire.  Each 
of  these  rings  rotates  between  the  poles  of  a  powerful  magnet,  and  the 
arrangement  is  such  lhat  the  opposite  currents  in  the  halves  of  each  ring 
form  a  single  continuous  current. 

The  machine  is  turned  by  hand,  and  in  its  Jar^e  form  generates  a 
large  quantity  of  electricity.  It  can  produce  all  ihe  effects  of  the  ordi- 
nary galvanic  current.  It  makes  platinum  wire  red  hot,  fuses  metals, 
and  is  used  in  electro-plating. 

If  this  machine  can  be  reduced  in  size,  and  modified  in  shape,  iC  may 
become  of  value  in  electro-medicine  Rnd  electro-surgery. 

OdivanU  A//>arafus.^The  merit  of  placing  in  the  market,  in  an 
accessible  form,  convenient  and  reliable  gah>anic  batteries  was  in  this 
country  pioneered  by  the  Galvano-FaradEc  Manufacturing  Company. 
Before  the  organization  of  this  establishment  the  faradic  machines  of 
Kidder  and  others  had  been  long  in  use,  but  suitable  galvanic  machines 
CDuld  not  be  obtained. 

Hydr&stat, — The  hydrostat  is  an  admirable  contrivance  for  keeping 
the  fluid  from  spilling  when  the  battery  is  carried  in  a  buggy  or  on  a 
long  journey*  Jt  consists  of  a  rubber  covering  accurately  fitted  on  the 
top  of  the  cells,  and  we  have  found  it  a  most  trustworthy  arrangement. 


*  AUbatu  on  Medical  Electricity,  third  BdittoDf  SS74,  SS, 
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A  baitery  of  sixt«i5  cells,  made  by  this  company^  we  once  look  wiih 
us  ehargtd  three  imndred  miles  into  the  country  on  a  consultationi  and 
not  &  drop  was  spilled. 


We  may  remark  here  that  on  ihc  street  or  steam  cars  a  battery  that 
is  charged  will  not  usually  spilL  It  is  in  omoibuaea  and  in  buggies  that 
the  hydrostat  is  needed 
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e  ?inc-carbon  batteries  are  also  constructed  on  the  same  general 
principle  of  sixteen  and  eight  cells.  The  sixteen-cell  combination  ia 
portable^  and  about  as  heavy,  when  charged,  as  a  medium-sized  valise, 
well  packed. 

The  eighl-cell  combination  is  no  heavier  than  a  common  faradic  ma- 
chine, and  when  well  charged  gives  a  current  of  sufficient  strength  for 
many  ap]>licat]on5  to  the  eye  and  head. 

This  apparatus  is  called  the  Bartletl  galvanic  battery  (Fig.  51)*  it  is 
a  very  convenleat  apparatus,  it  has  connected  with  it  a  hydrostat,  which 


Fig.  sx> 

Twenty-four  dnc-^carbon  battery  (Gal vana- Faradic  Mfg,  Co.). 


quite  successfully  prevcuis  the  spilling  ot  the  solulion  during  transpor* 
tationn.  The  accessories,  such  as  current  selectors,  commutator,  rheo- 
tome,  etc.,  are  all  attached  lo  the  battery.  The  bottom  of  the  box  is 
a  movable  tray,  in  which  the  glass  or  hard-rubber  cells  are  placed. 
This  movable  tray  h  controlled  by  two  hinged  rods,  which  are  fastened 
to  it,  and  these  by  two  lifting-rbigs  at  the  end  of  the  rubber  table. 
These  rings,  being  screwed  tightly  down,  hold  the  cells  firmly  against 
the  hydrostat,  or,  being  loosened,  allow  the  hydrostat  to  be  removed 
from  the  front  of  the  centre  of  the  box.  They  also  serve  as  handles  to 
lift  the  tray  of  cells. 
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/Varftca/  Diriciu^ns  f&r  the  C/s^  of  Zinc  Carbon  Galvank  Batter  its. 

The  following  directions  will  substantially  apply  to  all  or  nearly  all 
forms  of  ihe  zinc-carbon  battery,  by  whomsoever  manufactured. 

HifW  the  Battery  is  Condtrutted  and  Used, — These  batteries  are  com- 
posed of  plates  of  zinc  and  carbon  iei  a  solution  of  bichromate  of  potass, 
sulj>hunc  acid^  and  water.  The  solution  is  contained  in  gla&s  jars  that 
are  raised  up  to  tbe  plates  ol  zinc  and  carbon  by  the  keys  at  l1ie  ends 
of  the  box,  or  by  a  crank*  VViien  th^  jars  are  raised  by  the  keys  to  the 
top  of  the  box,  turn  the  kejfi  at  right  an^ies,  or  lum  the  crank,  and  the 


[Thirty-IK  Itrge  jinc-cubon  cell  gulvftuk  battery,  with  circutar  switch,  reverser,  and 
ioterruptO',  for  office  or  hospital  use  (KKJiJer), 


jars  will  stay  in  j>Oi>uion,  and  the  battery  is  ready  for  use^  if  the  jars  are 
properly  filled  with  the  soUition. 

When  the  battery  is  not  tn  use  the  jars  should  be  let  down  from  the 
, plates  by  means  of  the  keys.  l(  allowed  to  remain  immersed  day  after 
day  the  battery  wilt  rapidly  lose  its  strength.    (See  Electro-Physics, 

M^t*  tfi  Charge  the  Battery^ — The  solution  is  mode  in  about  the  fol- 
lowing proportions:  sulphuric  acid,  i  oz. ;  bichromate  potass,      oz.  j 


DIRECTIONS  TOR  GALVANIC  ArrARATltR.  309 

ater,  looz.  The  best  way  lo  make  the  solution  is  to  dissolve  the 
bichri>iiiaCe  of  potash  in  cold  wat^r  and  then  aJd  the  &nlphuric  add. 
Tlie  mingUng  of  the  water  ard  sulphuric  acid  causes  great  heat^  nttf 
tts€  fh(  soiutwn  uniti  it  is  cool.  We  had  not  been  able  to  get  any  satis* 
factor)'  explanation  of  the  fact  thai  solutions  wh«n  hot  injure  the  bat- 
tery, until  Prof.  Brackett,  of  Princeton,  informed  us  that  from  experi- 
ments he  made  several  years  ago  he  proved  lhal  when  the  bichromate 
of  pota&h  solutian  is  used  hot  a  layer  of  o^one  is  fornied  on  the  caibon  ; 
this  at  once  weakens  ihe  current. 

Lift  out  the  plates  by  the  middle  piece  to  which  they  are  attached, 
lift  ui>  the  jars  by  ihc  keys  and  ^11  each  jar  with  two*  or  three,  or  three 
and  a  half  ounces  of  the  solution.  They  should  be  filled  pretty  uni- 
formty,  and  care  should  be  taken  that  no  more  should  be  put  in  than  the 
jiT!t  wilt  hold  after  ihe  plates  are  immersed. 

Hew  to  dean  ihe  BafUry  and  Amafgamafe  ihe  Zincs. — Every  few 
weeks  Of  months,  according  to  the  extent  to  which  the  baitery  is  used, 
it  will  be  ntCcssary  to  wash  the  plalcs  and  scrape  off  the  exudation  and 
renew  the  solution,  or,  at  least,  to  adil  more  acid  or  water^  and  amalga- 
mate the  iinc.  The  chromt  ahim  ihat  collects  in  the  bottom  of  the  jars 
(sec  Electro. Physics,  p»  36)  and  becomes  very  hard  can  be  softened  by 
allowing  warm  water  to  stand  in  the  jars  for  a  time^  and  then  loosening 
the  dei»osit  with  any  sharp  instrument.  A  good  way  to  amalgamate 
the  /incs  \%  tike  a  strip  of  zinc,  dip  it  in  a  solution  of  sulphuric  acid 
and  water,  then  dip  it  in  mercury;  the  mercury  will  adhere  to  and  run 
over  it  \  then  rnb  up  over  the  surface  of  the  zincs  of  the  baitery  until 
all  arc  well  covered  with  mercury.  During  the  process  of  amalgama- 
tion the  zincs  should  be  kept  well  moistened  with  a  solution  of  sulphuric 
acid  and  water,    (Sec  Electro-Physics,  p.  36.) 

Him*  to  tell  the  Strength  of  the  Current, — Those  who  have  no  galva- 
nomiier  can  teU  whether  the  current  is  running  and  how  strong  it  is  by 
juitiing  one  pole  in  the  hollow  of  the  hand  and  the  other  between  the 
tlmiub  and  forefinger.  The  poles  should  be  wet  with  salt  water  or 
fiimptc  warm  water.  Those  who  have  been  accustomed  only  to  the 
noisy  and  violent  faradic  (induced)  current  will  be  disappointed  to  find 
that  ibis  galvanic  current  causes  only  a  slight  hurning  sensathft^  with  no 
shocks  except  when  interrupted.  A  current  that  is  scarcely  felt  when 
appUcfl  in  the  hand  may  be  too  strong  to  a|>p1y  to  the  head,  or  face, 
or  neck,  T^e  greatest  mistakes  are  made  hy  using  the  galvanic  current 
too  strong. 

How  ta  distinguish  the  Poles. — ^The  current  is  felt  strongest  at  the 
NEGATIVE  POLE.    When  both  poles  arc  dipped  in  a  solution  of  iodide 
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of  poEassium,  the  brown  color  of  the  iodine  appears  at  the  positive 
POtE. 

Fig,  54  represents  a  new  and  remarkably  compact  ar;d  efficient 
chloride  of  silver  battery*  made  by  John  A.  Barreltj  of  New  York. 
The  elements  of  the  cell,  as  shown  lo  the  left  of  the  battery,  are  zivc 
and  chloride  of  silver.  The  cell  h  but  three  inches  long  and  one  inch 
in  diameter,  and  when  conibinetl  in  a  series  yields  a  current  absolutely 
constant  in  character.  The  battery  does  not  waste  when  not  in  use,  as 
the  zinc  and  chloride  of  eitver  are  insoluble  in  the  fluul,  and  is  uninflu- 
enced BO  long  as  the  circuit  is  open.    It  has  :\  )teciini3ry  atlvanfage,  m 


¥t*i.  54. 

Chloride  of  silver  bAitcry. 


that  the  chloride  of  silver,  becoming  in  time  reduced  to  pure  metallic 
silver,  may  be  removed  and  exchanged  for  new  chloride  of  silver  plates 
at  moderate  cost.  The  eleclro-motive  force  of  each  cell  is  a  fraction 
over  one  volt. 

TAf  Cabinet  BaiieryJ^^K  little  more  than  a  year  ago  it  was  «ig- 
gested  to  the  GaJvano-Faradic  Manufacturing  Company  the  possibility 
of  arranging  a  combination  of  sixty  or  more  Siemens-Halske  elements 
of  moderate  size,  in  such  a  way  that  all  the  cells  and  all  the  connections 

*  Some  chanj^es  have  hcen  mat!e  in  ihe  form  of  thi^  hatlery  since  the  last  edltioo, 
but  the  general  principles  <>f  Us  con&tructiuti  remain  the  &aine. 
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antl  appliances  should  be  contained  in  a  small  movable  desk  or  bureau. 
The  suggestion  was  made  in  the  belief  that  all  the  supposed  or  real  ad- 
vantages of  the  combinations  d  large  cells  that  are  usually  placed  in 
cellars  or  basements,  and  connected  by  wires  with  the  optrrating  room, 
could  be  secttrf  d  at  far  less  trouble  by  a  simple,  convenient,  and  acces- 
sible arrangement,  in  which  many  of  the  difficulties  connected  with  re- 
moval, cleaning,  and  overhauling  should  be  reduced  to  a  nnnimnm. 

In  the  roughest  possible  manner  a  general  plan  of  a  bureau  with 
drawers  and  cover  was  drawn,  and  it  was  further  suggested  that  it  would 
be  well  to  have  a  current-selector,  curreni-reverser,  rheostat,  and  gat- 
vanomcter  inrerposcd  in  the  circuit,  and  thai  the  appliances  should  a!l 
be  in  a  plane  surface  at  the  top  ;  and  lhat  ihe  drawers  containing  the 
cells  should  be  so  made  lhat  they  could  be  easily  inken  out  whenever 
necessary  to  inspect  and  replenish  the  battery.  We  ihougtit  little  more 
of  the  matter  until  some  time  after,  when  the  Company  called  our  atten- 
tion to  the  fact  that  they  had  completed  a  battery  which  they  called  the 
Cabinet  battery^  and  which  is  represented  in  Fig.  55, 

The  Cabinet  battery  is  so  simple  that  a  very  brief  description  of  it 
will  be  sut^icient.  The  Sienjens-Halske  cell  is  merely  a  modification  of 
DanieIVs  cell,  it  consists  of  a  small  cylinder  of  glass,  attached  at  the 
bottom  to  a  cylinder  of  porcelain.  In  ihis  cylinder  is  placed  a  coil  or 
ribbon  of  copper,  and  a  little  water.  Outside  of  this  cylinder  is  a  cylin- 
der of  zinc,  and  the  space  between  it  and  the  outer  glass  jar  is  sawdust 
on  the  top,  and  at  the  bottom  powdered  papicr-mach6  packed  closely, 
and  wet  with  water  slightly  acidulated  with  sulphuric  acid.  The  object 
of  the  sawdust  and  papier-machi  is  to  hold  the  fluid  and  avoid  spilling 
and  to  make  the  action  of  the  battery  gentle  and  uniform.  A  cork  is 
placed  in  the  cylinder  so  as  to  prevent  mingling  of  the  Huhh  of  the  outer 
d  the  inner  cells. 

These  cells,  like  all  modifications  of  Daniell's  cells^  are  very  con- 
stant lhat  is,  they  give  a  sUady  and  unifgrm  current,  and  can  be  used 
for  m  long  time  without  recharging.  It  is  necessary,  now  and  then,  to 
drop  a  little  water  into  the  inner  cylinder  to  make  u|»  for  the  loss  by 
evaporation,  and  lo  put  in  a  few  pieces  of  sulphate  of  copper;  this, 
however,  can  be  very  easily  done  by  pulling  out  the  drawers  and  re- 
moving the  corks.  Each  cell  is  about  the  size  of  an  ordinary  tumbler. 
There  are  three  drawers,  each  containing  twenty  cells, 

The  metallic  connections  of  the  cells  are  made  at  the  back  jjart  of 
the  drawer,  and  are  completed  when  the  drawer  is  welt  pushed  in.  On 
the  top  of  the  bureau  are  the  current^selcctor,  by  which  one  cell  Of 
sixty  cells  can  be  brought  into  the  circuit;  the  current-revcrscr ;  the 
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sbort-coil  galv&nomerer,  for  indicating  the  presence  and  direciion  of  the 
csncnt  metclr,  and  the  hydro-  or  water  rheostat,  for  gradually  increas- 
oc  duxjinishiTig  the  strength  of  the  current. 
The  water  rheostat  is  the  perfection  of  neatness  and  convenience, 
aad  is  itiffcrently  arranged  from  any  that  we  have  seen.  The  water  is 
ONMBtPi^cl  in  a  small  case  or  cup,  wiih  a  glass  top.  By  luming  a  small 
brasB  disk,  cosQected  wilh  a  brass  lever,  a  bmall  or  large  area  of  the 
can  be  brought  inio  the  cirruit.    Besides  alt  the  appliances  for 


^  ^ANAttfic  Cabinet  battery  also  provides  the  faratfic  ctir- 

MkvM  crlU  in  the  upper  drawer  are  connected  wiih 
,  .    .xl  ^1  interrupter,  on  ihc  right  hand  of  the  top  of  ih« 
■  mAc  sutteot  cAn  be  increased  or  dinnnished  by  pulling 
•.HaIUc  rtnl  ill  front  of  the  top  piece. 
,x  klUft  Cftbcoet  combination  are  these  i — 
•i^^  mti  managed*    The  whole  Cabinet,  con- 

stnH?es»  connections,  etc  ,  for  both  currents, 
^^^^  s  ^  vif*  lb«  tO|s  is  but  three  feet  high  and  seveiu 
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teen  inches  broad.  It  is  ptaced  on  casters,  and  can  be  easily  moved 
horn  one  ward  of  a  hospital  to  another  ward,  or  about  the  room,  by  one 
lierson*  as  easily  as  an  ordinary  centre-lable*  The  combinations  of 
Danieirs  cells  are  generally  placed  in  ihe  cellar,  and  the  apparatus 
throughout  is  permanent,  and  when  Ihe  phybicran  wishes  to  move  his 
office  the  labor  of  resetting  the  baltery  is  very  great.  This  combina- 
tion, without  taking  out  the  drawers,  can  be  transported  bodily  from 
"nc  house  to  another  as  easily  as  any  bureau  the  drawers  of  which  are 
filled  with  heavy  goods. 

Although  the  battery  will  probably  go  for  years  without  thorough 
overhaoiing,  yet  occasional  inspection  and  refilling  will  be  required, 
and  can  be  very  easily  performed, 

a.  /t  givfs  acimstant^  mtjorm^  and  sUady  currtnf  ;  art// is,  thtrejon^ 
hitttr  edapifd for  fht  freatmmt  of  irri(Mf  %ind  stftsiitve  certdithns  than 
tht  small  {dis  <ff  ihe  ordinary  portable  batteries. 

This  advat^tage  it  shares  with  alt  modifications  of  DanieIVs  battery. 
The  explanation  of  the  constancy  and  steadiness  of  the  current  from 
these  combinations  of  Danielt's  cells  is  found  in  the  fact  that  on  ac-> 
count  of  the  feebleness  of  the  solution,  and  the  interposition  of  the 
porous-ccll,  the  chemical  action  is  slow  and  uniform,  with  no  inter- 
ruptions or  even  variations.  In  the  single  zinc-carbon  celts  the  solution 
is  very  strong*  and  the  chetnical  action  very  vigorous;  the  plates  are 
rapidly  polari/ed  j  the  density  of  the  solution,  and  with  it  the  inter- 
nal resistance  of  the  battery,  is  continually  changing  as  a  result  of  the 
vigorous  chemical  action,  and  consequently  the  strength  of  the  current 
not  only  diminishes  after  a  protracted  use  of  the  battery^  but  it  varies 
fri>m  m&merti  moment. 

The  potential  quantity  of  electricity  may  be  the  same  in  a  combina- 
tion of  single  /inc-carbon  cells  as  in  a  combination  of  sawdust  Danieirs 
cells,  and  may  even  be  far  greater  j  but  there  is  great  di^erence  in  the 
rapidity  with  which  they  evolve  it  For  short  work,  such  as  is  required 
in  powerful  electrolytic  operations,  the  single  2inc-carbon  cell  is  far 
preferable  to  the  Daniel],  for  the  reason  that  the  quantity  of  electricity 
that  it  generates  in  a  short  time»  say  half  an  hour,  is  very  much  greater 
than  a  similar  number  of  Daniell's  cells  would  generate  in  the  same 
time.  This  Cabinet  battery  is  therefore  not  a  good  battery  for  elec- 
trolysis, and  we  never  attempt  to  use  it  in  any  important  electrolytic 
operations.  In  experimenting  with  it  we  find  that  it  causes  but  a  very 
feeble  decomposition  of  iodide  of  potassium,  or  chloride  of  sodium., 
U  coutd  not  indeed  be  otherwise  ;  in  electrolysis,  as  everywhere,  force 
answers  to  forces  the  amount  of  chemical  action  outside  of  the  ceil — 
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clectToJysis — must  be  proportioned  to  the  amount  of  chemical  action 
jnsiiie  of  the  ccIL  In  the  DanieH's  cell  the  chemical  action  is  very  slow 
and  feeble ;  hence  the  elecuolysis  it  causes  is  slow  and  feeble*  but  u 
IS  constant  ami  steady  ;  it  does  not  give  out  so  much  electricity  in  an 
hour  afl  the  single  zinc-carbon  cell,  but  it  coDtinues  to  give  it  out  long 
after  the  /,inc-carbon  cell  is  exhausted. 

Two  men  have  each  a  thousand  dollars — ^oric  spends  recklessly,  rap- 
idly, and  extravagantly,  and  in  a  few  days  is  penniless;  the  other 
bpends  regularly  .md  slowly,  and  uniformly,  one  dollar  each  day,  and 
makes  bis  thowsniid  dollars  last  a  thousand  days.  The  single  zinc-car- 
bon cell  makes  an  extravagant  battery  ;  but  in  clcctrolyais  extravagance 
»  needed,  and  besides  the  solution  can  be  removed  from  the  plates,  so 
that  no  action  can  lake  place  when  the  baucry  is  not  needed.  The 
DanieU's  cell  makes  an  economical  battery,  since  it  spends  slowly  and 
regularly,  even  though  it  is  kept  constantly  imnicrsed.  Hence  its  ad- 
vantage in  the  treatment  of  the  neuralgic,  the  hysterical,  and  the  ner- 
vously exbausred,  who  in  some  cases,  at  least,  require  to  be  ireatcd  with 
feeble,  uuld>  siL-ady,  and  patnUss  currents.  The  current  from  these 
J>anieir$  cells  is  less  painful  than  the  current  from  small  and  active 
cells,  for  the  reason  mainly  (hat  it  is  more  uniform* 

The  notion  entertained  by  some,  that  these  laige  double-cell  batter- 
ies »end  a  larger  qmntity  of  electricity  through  the  body  than  small 
rells,  is  at  war  with  Ohm*s  law,  and  has  no  foundation  in  experience. 
The  rcMstance  of  the  body  is  so  great  in  comparison  with  the  internal 
rc»itlancc  of  the  batteries  that  it  makes  but  Itttle  difference  in  regard 
to  the  quanlity  of  clectridty  that  flows  through  the  body  whether  the 
cells  are  large  or  small,  As  a  matter  of  fact,  the  small  single  zinc-car- 
bon cells,  or  even  the  ordinary  Smee's  cell,  give  larger  quantity  of  dec- 
liicil>*for  a  nhort  time  than  the  large  Daniell's  cell  (See  Elcctro- 
rhysics,  i^K  66-84.) 

The  arrangement  in  Fig*  56  is  very  light,  compact,  and  portable. 
The  cells  arc  quite  small,  and  of  course  need  refilling  more  frequenlly 
than  brger  cells.  The  cord  ajwls  (S  S)  are  convenient  contrivances 
for  windnig  up  the  cords  when  not  in  use. 

ThcKc  l>jiiterics  are  made  also  of  ten,  twenty-four,  and  forty  cells. 
The  combination  in  Fig,  57  embraces  both  the  faradtc  and  the  gal- 
v*mc  cuTTcntSi  sixty  /.inc  copper  cells — and  a  rheostat.    The  same  coil 
IhAt  (nrnishes  the  faradic  current  can  also  be  enclosed  in  the  circuit 
the  gaWanic  current  so  as  10  form  a  rheostat.    Connected  with  the 
•)t^i«lut,  on  a  board  in  front  of  it,  is  a  current-teverser,  a  curreni- 
^u|>lei^  and  a  gnlvanoscope. 


The  fara<3ic  current  h  supplied  by  a  conlmuoua  coil  wilh  many  wind- 
Migs,  and  gives  a  very  plea&ant  current* 

These  balleries  (Ftg.  58,  p.  317)  are  of  twelve,  or  twenty-four,  or 
thirty-$ix  cells.  The  general  construction  of  the  Leclanch6  cell  has 
already  been  described  in  Electro- Physics, 

Curt  W*  Meyer  also  manufactures  a  combinaljon  of  Leclanchf's  cells 
that  is  conveniently  portable,  and  is  said  to  be  quite  enduring.  These? 
suiall  I>cclanch€  cells  are  not  as  enduring  as  those  of  a  larger  size,  and 
when  freqently  used  must  be  frequenlly  cleaned,  like  the  ztnc-carbon 
batteries. 


Vie.  sA- 

Portalile  ^Ivmnlc  Ualtciry,  twenty  zinc-carbna  c«ils  fDr«clier|i. 


Rainei  BittUry — Prof.  George  W.  RiLiues,  of  Augusta,  Georgia,  has 
described  *  a  i>ortable  galvanic  batteiy,  compo&cd  of  strips  of  /,inc  and 
platinunif  united  by  copper  strips  in  the  shape  of  the  letter  V  inverled. 
These  zinc  and  platinum  strips  thus  united  are  passed  through  holes 
made  in  a  rubber  plate,  beneath  which  Is  a  square  trough  of  rubber, 
divided  into  forty-nine  comparttnents  or  cells.  These  cells  contain  the 
acid  solution,  which  can  be  raised  to  the  nietalltc  strips  so  as  to  immerse 
them.  The  whole  battery  is  about  the  weight  of  a  Nu-  4  faradic  ma- 
chine of  the  Gal vano  Faradic  Co/s  tnanufacture. 

Gah'ammtters  or  Galvanoseopes. — The  general  principles  on  which 
galvanometers  are  constructed  have  been  already  described  (Electro* 
Physics,  p,  4.0). 

*  ScitnitJIi  Amrrifatt,  Stipi«mbcfr  aS.  1S72. 


OALVANIC  APPAUATUS* 


A  galvanometer  which,  by  Dr.  Roclcwell's  svij^gestion,  waa  matic  Uy 
Messrs.  Ctieslcr  &  Co,  is  repTcsetiled  in  Fig.  60,  It  is  of  Ihe  long-coil 
variety,  and  is  provided  with  a  "shunt,"  which  has  a  resistance  equiva- 
lent to  150  miles  of  telegraph  wire.  This  galvanometer  measures  with 
considerable  accuracy  the  strength  of  the  galvanic  current,  sitice  ihe  de- 


Flu.  58. 

Portable  B«ti-Leclancht  bAticry^  twenty  celU  (Thomas  Halll. 

Hection  of  the  needle  Is  in  tolerably  exact  proportion  to  the  iiuniber  of 
cells  introduced  into  the  circuit.  It  is  very  useful,  therefore,  in  compar* 
iiig  difi'erent  batteries^  or  the  same  battery  at  different  times,  in  order  to 
determine  how  much  power  it  has  lost,  When  a  thirty  two-cell  linc- 
carbon  battery  is  in  perfect  order  it  will  deflect  the  needle  of  this  gaU 
vanometer  from  40°  upward ;  fifteen  cells  will  cause  a  deflection  of 
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brenner'i  Apparatus,  ttiduding  StopjxT  KhL'i*';:ti,  u.^lvimoscopc,  Faradic  Coil»  clc. 
(Ualvtinu-Faraiitc  Marmracmrinif  Co.K  TJiis  ap^aialu^  m^y  be  cennoctcil  with 
any  desired  number  of  large  cells  In  the  cellar. 

aboui  20"  or  45"-  Tlie  dclleciion  of  ihc  latier  part,  when  a  large  num- 
ber of  cells  are  introduced,  is  not  exactly  proporUonal  as  In  the  6rst 
])art»  but  sufliciently  so  for  all  praciical  uses. 


Fig  do^ 

Ga]vanomeii-r  used  by  the  Authors  (Chester  &  Co.). 

The  ordinary  short-coil"  galvanometers^  (galvanos copes)  are  so  deli- 
cate that  one  or  two  cells  send  the  needle  round  to  90°*  and  are  there- 
fore useful  only  lo  determine  the  presence  and  direction  of  the  current- 

Jihtosfats.- — The  general  object  and  principle  of  ihe  rheostat  haa 
been  already  described  (Elcclro-Phystcs,  p.  41).  It  remains  here  to 
speak  of  ihose  forms  that  arc  best  adapted  for  electro-therapeutics. 


RHEOSTATS. 


A  form  of  rheostat  very  w*tll  known  to  electro-physiologists  anO 
electrO'therapeutUts  is  that  of  Siemens,  and  introduced  into  electro- 
therapeutics by  Brenner  in  his  researches  on  the  ear.  The  unit  of 
Siemens  is  a  column  of  mercury,  one  metre  loogj  with  a  transverse  sec- 
tion of  one  square  inillitnetre  at  33°  F.  The  rlieosiat  may  contain 
1,110  or  2,ioo  unils.  The  metallic  blocks  or  pieces  on  the  top  are 
auacbed  to  insulated  coils  of  wire,  which  in  their  length  correspond  to 
the  numbers  i,  2,  3,  4,  5,  6,  7,  etc.,  10,  30,  30,  40,  s^t  *^tc.t  100, 
3Qo^  3oOj  400,  etc,  marked  over  tbem.  At  the  central  end  of  each  divi- 
aion  of  the  star-shaped  to^vpieec  there  is  a  hole  for  receiving  the  stop- 
per.   When  ail  the  stoppers  are  inserted  in  the  division  marked  t>, 


Fic.  61. 

SiefiptT'^ Afpstat .—On  the  circle  B»  the  metallic  disks  are  numbered  by 
\inh\  from  o  to  lo  ;  on  the  circle  C,      tens,  from  o  to  100;  on  the  circle  D, 
by  hundreds,  from  o  to  1,000.    To  use  llic  rhetistal.  connect  the  wire  A  with  ore 
of  Ibc  poles  of  the  bsitlery,  nnd  the  wire  E  with  unc  of  the  elcctrotles  ;  in  this 
y  the  resUtaficcs  of  the  rheo&tat  are  included  in  the  circuit,  conslUuting  what  I6 

ihere  is  no  re^^tance  m  the  rheostat,  and  the  current  goes  directly 
through  it,  and  tiot  at  all  through  the  body  of  the  patient,  for  the  rea- 
son chat  metal  conducts  electricity  very  much  better  than  the  body, 
and  when  it  has  a  choice  it  will  take  the  path  through  the  best  con- 
ductor. 

When,  DOWj  the  stoppers  are  inserted  so  that  some  of  the  coils  oi  wire 
connected  with  the  divisions  of  the  top-piece,  say  those  marked  5,  50, 
50c,  are  brought  into  the  circuit,  the  current  will  have  to  overcome  not 
only  the  resistance  of  the  metallic  connections,  but  also  the  resistance 
of  550  Siemens'  units,  represented  by  corresponding  lengths  of  copper 
wire,  and  by  preference  much  more  of  the  current  witl  pass  through  the 
body.    If  ail  the  resistances,  i^iio  or  2,100  units,  are  interposed,  mo»t 
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of  ihe  current  passes  ihrough  the  body*  If  all  the  stoppers  are  remove^, 
a  part  of  the  current  goes  ihrough  the  rheostat. 

Eheostai  of  Mayer  6-  iV&if, — Mayer  &  Wolff,  of  Vienna,  have 
constmctttl  a  simple  form  of  rheostat — a  wooden  box  containing  coih 
of  wire  correspotiding  to  1,605  Siemens'  urits. 

Jfydro-rh^ostai  {water  rkfifstat,  or  It^uid  rheostat), — For  all  the  prac- 
tical purposes  of  electro-therapeutics,  even  for  the  most  delicate  appli- 
cations to  (he  most  delicate  organs,  as  ihe  car,  eye^  etc.,  the  common 
water  rheostat— or,  as  it  is  sometimes  called,  hydro-rheostat,  or  liquid 
rheostat — ia  sufficiently  precise^  and  in  convenience  is  incomparably 
superior  to  the  stopper  rheostats. 


i-iu.  iij. 

Hydro- Rheoslat  (Galvatio-Faradic  Manufacturing  Co.), 

The  water  rheostat,  represented  in  the  cut,  is  simply  a  column  of 
water,  interposed  in  ihe  circuity  and  so  arranged  that  the  distance!  be- 
tween the  extremities  of  the  melals  that  close  the  circuit  through  the 
water  can  be  increased  or  diminished  at  pleasure. 

The  precision  that  physiologists  and  physicians  obtain  by  the  use  of 
the  stopper  rheostat  is  more  apparent  than  real.  A  study  of  Ohm's 
law  will  show  that  the  quantity  of  electricity  that  flows  through  the 
body  in  any  electrical  application  depends  not  alone  on  the  nature  of 
the  conducting  wire,  and  the  number  of  cells  employed,  but  also  on  the 
nature  of  the  electrodes,  the  quality  and  degree  of  moisture  in  them, 
the  amount  of  pressure  used,  their  distance  from  each  other^  and  the 
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part  of  the  body  that  is  treated.  Those  who  are  particular  to  state  the 
number  of  cells  employed^  and  the  number  of  units  interposed,  are 
IhereFcire  much  less  precise  (han  they  suppose  ;  for,  besides  all  the  quali- 
fications just  given,  the  strength  of  even  the  most  constant  cells  varies 
more  or  less  from  time  to  lime  (see  chapter  on  Ohm's  Law,  pp.  66-84), 
RepurtSj  therefore,  that  contain  in  full  detail  (he  number  r,f  elements 
eniploycjtl,  and  the  number  of  units  interposed  in  ihe  cirCMits,  arc  appnr 
ently,  but  not  really,  precise ;  the  careful  physiological  researches  on 
definite  and  very  limiled  portions  of  tissue,  the  statement  of  the  kind  of 
cell  cmi>loyed,  and  the  number  of  them  and  the  number  of  resistances 
of  the  rheostat  interposed,  may  convey  an  approximate  idea  of  the 
strength  of  current,  and  thus  may  be  of  service  to  other  investigators, 
but  in  the  very  nature  of  things  they  cannot  be  accurate.  In  the  ordi- 
nary applications  of  electro-lherapeuticSj  unless  it  be  limited  electroly- 
sis, we  oftentimes  state  the  number  and  kind  of  cells  employed,  but 


Universal  Hxtiilles  Tor  Eletlrodes,  with  Interrupter — tubulated  (Galvnno-Fonidic 

Mftnufixcturtng  Co.). 

always  vith  the  implied  proviso  lhat  we  are  suggesting  approximate  and 
QOt  mathematical  truth. 

So  fax  as  producing  delicate  shades  and  grades  of  scn&ation  is  con- 
ccniedf  the  water  rlieostat,  when  i)ro|>eTly  constructed  and  adjusted^  is 
fully  as  tnistworlhy  as  the  stopper  rheostat^  and  far  more  convenient 
for  the  operator.  A  rheostat  of  some  form^  though  not  indispensable 
in  electrical  applications^  is  yet  a  great  convenience,  and,  especially  in 
central  galvanization  and  in  local  galvanization  of  the  nerve-centres,  a 
very  great  convenience.  In  ordinary  peripheral  applications,  unless  it 
be  to  very  sensitive  parts,  the  rlieostat  is  not  rec[uired, 

EUctrffdes, — Of  the  many  varielies  of  electrodes,  we  shall  describe 
those  only  that  are  practically  useful. 

The  pccuharity  of  these  handles  (Pig.  63)  is/that  there  is  no  exposed 
metallic  surface,  the  connection  being  made  at  the  ehsed  ends.  A  di&- 
advantage  of  these  t^lcctrodes  is  that  they  can  be  used  only  with  one 
conducting  wire,  to  which  they  are  permanently  attached. 
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Fic.  64. 
Long  Sponge  Electrode. 


Fig.  65. 

Our  electrodes  of  various  ^zes 
in  graduated  series,  to  be  at> 
tached  to  universal  handles 
(Kidder  and  Galvano-Faradic 
Manufacturing  Co.). 


Fig.  66. 
Hard   Rubber  Handle 
and    Electrode,  wit  fa 
Interrupter  (Kidder). 


riG.  67. 

Plain  Wooden  Sponge- holder, 
with  Sponge  attached  (Kidder). 


Fig.  69. 
Duchenne'i  Electrode. 


Fig.  68. 

Small  Sponge  Electrode  (Kidder), 


Fig.  70. 

Rockweirs  Brass  Ball  Electrode  fbi 
General  Faradixaiion  (Kidder). 


A  large,  soft  sponge,  loosely  folded  about  this  ball,  makes  the  most 
convenient  possible  electrode  for  general  faradization. 


niLECTRODES. 


FiC  71* 

Be*rd'»  StationAty  Electrode  (Galvano-Fanidic  ManufactoHn^  Co.). 

This  can  be  screwed  to  the  edge  of  a  table.  The  sponge  at  the  top 
ran  be  unscrewed  and  moistened.     In  many  applications  to  tl>e  ear 


Adjustable  Electrode,  with  Band— {Kidder), 

eye,  heail,  and  face  this  ts  a  mof  t  convenient  electrode  for  trie  nantl  of 
ihe  patient  to  rest  upofv 
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These  aJjii stable  electrodes,  which  are  made  of  several  different 
aizes,  have  long  been  to  us  indtspenaable.  They  can  be  fastened  by 
means  of  a  stiuplt^  cloLh  band  to  any  part  of  the  body,  aud  kept  there 
as  long  as  may  be  nect^ssary. 

In  diseases  of  the  skin,  in  rheumatism,  in  sprains,  and  in  tumors,  ai"id 
in  all  cases  where  it  is  desired  to  keep  the  electrode  long  in  one  spot, 
they  are  most  convenient.  A  second  advantage  which  they  have,  is^ 
thai  they  can  be  passed  easily  under  the  clothing,  thus  saving  much 
undressing  on  the  part  of  the  patient. 

These  adjustable  electrodes  can  be  covered  with  a  sponge,  which  can 
be  sewed  through  the  hole  at  the  edge,  or  what  is  very  murh  better, 
with  electrode  covers,  to  be  hereafter  described. 

We  vise  these  adjustable  electrodes  in  central  galvanization,  galvan 
ixation  of  the  cervical  fvympathetic,  and  brain  and  spine,  and  in  a  large 
variety  of  peripheral  applications.  In  some  apphcations,  as  in  centra! 
galvau!;iation,  ont;  electrode  is  adjustable,  while  the  other  held  by  Ihe 
patient  is  of  the  ordinary  form  with  a  hantlle.  We  do  not  much  use 
the  bands  that  accom]jany  them,  preferring  to  hold  the  electrode  in 
position  by  allowing  the  clothing  of  the  patient  to  rest  against  it,  oi 
having  the  patient  hold  it,  by  a  little  pressure. 

In  galvanization  of  tht  sympathetic,  for  example,  the  adjustable  eleo 
trode  can  be  easily  placed  under  the  collar  at  the  back  of  the  neck, 
and  kept  there  by  the  pressvire  of  the  clothing. 


Fig.  73 1 

ibce — ^wlth  nannel  cover. 


Fig.  74. 

Flannel  Cover  for  Adjusciible  Elec- 
trode— unaJl  size. 


These  flannel  covers  are  provided  with  elastic*  in  their  edges  so  thai 
ihey  remain  tn  position  when  put  on  the  electrodej  and  are  easily  slipped 
off  and  on.  They  can  be  washed  like  towels,  and  the  expense  of  mak- 
ing them  is  so  slight,  that  a  large  number  can  be  kept  constantly  on 
hand  Another  advantage  of  these  flannel  covers  is  that  the  current  is 
more  painfully  felt  through  theni  than  through  sponges,  and  hence  there 
is,  while  using  them,  less  liability  to  give  too  strong  currents-  We  have 
long  been  accustomed  to  use  these  covers  in  all  central  applications  of 
the  galvanic  current 


ADJUSTABLE  ELECTRODES. 


djutable  Electrode,  with  spoige  (Ga]' 


Fic  7& 

Oblonp  Adjustable  Electrode  (Gal 
vano-FaraJlc  ManufacLuring  Co,}, 


These  adjustable  electrodes  with  sponges  are  very  convenient  foi 
ftl^plication  to  patients  confined  to  bed.  They  may  be  placed  andc\ 
the  patient  against  the  back,  or  on  the  abdomen,  or  on  any  part  of  the 
body*  without  seriously  disturbing  the  position  of  the  patient. 


FtC,  77-  F'O.  7*,  FlC.  79- 

MetAllic  hnisfa      The  same  with  brush  pushed  within  Sptnd  Electrode, 

(Kidder^.  the  cjLinder  for  protctzliun.        Gstvana-Faradic  M'fg,  Co. 

A  currerti'-mfrser  with  fiexibU  electrodes. ^Qxit  8o  represents  a  cuf- 
icnt-r^verser  recently  devised  and  perfected,  and  which  was  lirst  con- 
itructed  by  Messrs.  Tiemann  &  Co.  It  is  now  also  made  by  the  Gal* 
vanc-Karadic  Manufacturing  Co^ 

ft  differs  tnainly  in  'his  feature  from  other  devices  to  accomplish  the 
ianie  purposes,  vu,  :  th<it  th<  a^rrmt  is  reversed  Ify  simpU  and  riigkt 
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prtssute  of  the  thumbs  without  the  mtervention  of  a  slide,  or  any  com- 
plex  arrangement  whatsoever. 

The  letter  D  represents  the  button  of  the  spring,  by  pressing  which, 
vhe  current  is  interrupted  or  reversed.  Pressing  it  lightly,  interrupts 
the  current  \  pressing  it  firmly,  r^rerses  it. 


Fig.  B4i. 

Beard^s  Current-Rcverser,  with  dexibk  electrodes 


In  the  vertical  section  of  the  hard  rubber  handle,  A  A  is  represented 
ts  st>ringing  up  against  the  tiietallic  i^late  on  the  upper  and  inner  sur- 
lace  of  the  handle.  Piessing  thi&  bHghtly  down,  njctalllc  connection  is 
broken  and  the  current  is  interrupted  j  pressing  it  firmly  down,  the 
connection  is  made  and  reversed B  B,  the  metallic  plate  on  the  Eower 
fiurface  of  the  handle. 

C  represents  the  wires  that  connect  with  the  battery,  enclosed  in  a 
rubber  tubing  E. 

F  and  G  are  flexible  wire  electrodes  armed  widi  sponges  ;  they  can 
be  separated  several  inches  and. kept  diere,  or  put  close  together  as 
reprej?entcd  in  the  cut.  The  advantages  of  thrs  are  these  : — r.  In 
many  of  the  applications  of  localized  electri^iatLon  this  neat  and  simple 
arrangement  saves  considerable  expenditure  of  muscle  on  the  part  of 
the  operator.  One  hand  can  be  perfectly  free  while  the  other  holds 
a.ad  guides  the  electrode.  In  electrizing  the  muscles  of  the  hand  and 
arm,  and  of 'the  face  especially,  it  is  far  more  convenient  than  to  use 
separate  electrodes. 

2*  In  caaes  of  paralysis  of  motion  and  of  sensation,  where  vffltuic 
alternatives  are  sometimes  indicated,  this  is  the  easiest  conceivable 
naethod  of  reversing  the  current 


Unpohrhahh  Ekdrodes, — It  is  well  known  to  electro-pbysiologisis 
lhatj  in  consequence  of  the  electiolytio  changes  that  take  place  duiing 
the  passage  of  a  current  from  the  electrodes  to  (he  body,  a  change 
takes  place  at  the  surface  of  the  electrodes,  by  which  a  new  electrical 
action  is  set  up  ihtit  to  a  certain  extent  interferes  with  the  main  current 
and  also  causes  pain.  Electrodes  thus  affected  are  called  polarinfcd. 
(Sec  Electro-Physics,  p.  31.) 

Dr,  Hitxig,*  of  Berlin,  has  devised  electrodes  in  which  this  secondary 
electn'cal  action  at  the  surface  does  not  take  place ;  to  these  he  has 
given  the  name  utipolarhablt  electrodes.  These  are  made  unpolari^a- 
blc  by  a  solution  of  sulphate  of  /inc.  By  the  courtesy  of  Dn  Hitdg, 
we  were  enabled  to  test  ihetn  while  in  Berlin,  and  were  favorably  im- 
pressed with  their  action.  The  parn  produced  by  stable  galvanization 
is  sonietiit^es  very  disagreeable,  and  by  these  electrodes  it  was  certainly 
diminished.  They  can  be  used  several  hours  without  exhibiting  any 
p  jlari^auon.  The  subject  of  unpolanzable  electrodes  had  previously 
received  the  attention  of  Rcgnauld,  Matleucci,  and  Du  Bois-Reyniond. 

Rnhbtr  Covers  for  Comimtiftg  Wires, — The  conducting  wires  ccrn- 
neciing  the  electrodes  with  the  apparatus  are  covered  with  silk;  they 
may  be  still  further  insulated  by  flexible  rubber.  We  have  long  been 
accustomed  to  use  thest:  mbber  covers,  and  are  much  pleased  with 
them.  If  the  rubber  is  properly  prepared  it  will  not  injure  the  silk 
covering  beneath  it.  Some  electro*therapeuiists  have  rubber  coverings 
of  a  diflerent  color  for  the  two  pules,  thus  alTording  a  ready  means  of 
distinguishing  ihem. 

Care  of  ^/tf^^/riJ/Zfj.— Electro-therapeutics  is  a  series  of  details ;  ana 
among  !he  more  important  of  these  details  is  the  care  of  the  electrodes. 
The  chemtcal  action,  even  of  the  secondary  coil  and  faradic  current*  is 
sufficient  to  corrode  any  metal  that  is  tiscd,  except  platinum  ;  and  plati" 
num  electrodes  are  rarely,  if  ever,  used  except  in  electrolytic  operations. 
The  copper  plates  used  at  the  feet  in  general  faradization  becofne  more 
or  less  corroded,  and  require  occasional  cleaning  in  order  to  keep  them 
bright.  All  the  general  and  special  electrodes  of  all  kinds  require  oc- 
casional polishing  with  sand-paper,  emery-paper,  or  whiting.  It  is  an 
advantage  lo  have  the  electrodes,  as  well  as  the  batteries,  nickcli^ed, 
so  as  to  reduce  corrosion  to  a  minimum. 

The  sponges  that  arc  attached  to  the  electrodes  need  to  be  frequently 
washed  in  warm  water,  and  those  that  are  much  used  should  be  occa- 
sionally disinfected  with  chlorinated  solutions.    It  is  better,  however, 

*  Uebcr  die  Anwendung  unpolarisirbarer  Electroden  in  dcr  Elecirothcrapic  Bcr* 
liner  Kiimsdic  WochcDsctuirt,  1S67,  No,  89, 
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to  make  delicate  and  particular  patients,  especially  lajies,  supply  their 
own  sponges.  But  a  phyBician  who  has  a  large  genera]  or  special 
practice  will  finJ  it  very  difficult,  if  not  impossible,  to  keep  a  large 
assortment  of  electrodes,  sponges,  and  electrode  covers  always  sepa- 
rate;  and  hence  it  becomes  necessary  to  treat  many  of  ihe  patients 
with  the  siame  electrode.  To  meet  this  difficulty  we  devised  the  elec- 
trode covers,  elsewhere  described.  These  can  be  thrown  oif  with  every 
application  and  washed  weekly^  like  towels.  The  expense  and  labor  of 
making  them  is  so  slight  that  some  electro-therapeutists,  after  using 
them  a  few  limeSj  cast  them  aside  entirely. 

Euntpean  BaiUrUs. — For  the  sake  of  our  European  readers,  we  give 
very  brief  descriptions  of  a  few  of  the  batteries  that  are  at  the  present 
dale  most  used  by  European  electro-therapeulists.  All  who  consult 
this  book— Aniertcans  as  well  as  Europeans — may  find  it  of  interest  to 
compare  the  workmanship  of  the  different  countries*  A  fact  which  such 
a  comparison  constantly  suggests  is,  that  all  advanced  and  active  elecirol- 
ogists  in  al[  countries  have  realised  the  same  dilBcuUies  and  wants  of 
the  specialty,  and  have  sought  to  overcome  iheui  by  similar  or  nearly 
similar  methods,  and  nearly  all  have  in  a  greater  or  less  nieasure  suc- 
ceeded. On  the  whole,  with  special  advantages  or  disadvantages  on 
both  sides,  the  An»erican  batteries  for  the  faradic  current,  the  galvanic 
current,  and  for  the  galvano^cautery,  aru  superior  to  the  European.* 

Meyer  ami  MeUzers  Faradie  Afftchtnt. — -This  is  enclosed  in  a  small 
mahogany  box,  six  inches  high,  three  and  a  half  inches  deepr  and  six 
inches  wide  (fig»  8i),  It  is  ran  by  a  zinccarbon  cell.  The  primary 
and  secondary  currents  are  obtained  without  shifting  the  position  of  the 
wires. 

Stohre/s  Faradu  Maehitu. — This  well-known  separate-coil  machine, 
which  is  run  by  a  zinc-carbon  cell,  is  widely  used  tn  Europe. 

Duchenn^ s  faradic  apparatus  is  of  the  separate>coil  variety  \  it  is 
inferior  in  portability  and  convenience  to  many  other  European  as  well 
as  to  the  American  machines.    It  is  run  by  a  Bunsen*s  cell. 

Legendrt's  faradu  apparatus  is  popular  in  France,  on  accoant  of  its 
portability  and  cheapness, 

G^iffe's  faradic  apparatsis  is  very  portable,  and  gives  a  fair  strength 
of  current.  He  has  made  two  forms  of  faradic  machines,  one  nin  by 
a  chloride  of  silver  element*  and  the  other  by  a  sulphate  of  mercury 
element. 

*  For  the  eleclrotypes  of  the  cuts  that  accompany  these  descriptions  of  ihr  English 
spp&rfttua  we  are  indebted  to  ihc  kindness  of  Dr.  AUhaua.  The  dcicriptions  are  cua* 
detiscd  from  the  tliird  cdiilon  of  his  treatise  on  Eleciridtjr. 
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Du  Bois-Reymend* 5  furatiic  apparaius^  or  *'  sledge,"  as  it  is  caller), 
is  run  by  an  elemetu  of  Grove  or  Biinsen.  It  is  provided  with  a  '*gal- 
vanic  key"  for  opening  and  closing  the  circuit  al  pleasure.  The  ma- 
chines of  Benedict  and  of  Sieiuena-Halske  are  modifications  of  that  of 
Du  Bois-Rcymond. 

Krllger  &  HirschmanDf  of  Berlin,  have  constructed  a  good  faradic 
machine,  which  is  run  by  a  T.ectanch^  element.  It  is  arranged  for  slow 
or  rapid  interruptions. 


Fjc  Si. 

Meyer  uid  Mettzet^s  Karftdic  MoLctune. 

So  far  as  we  are  able  to  learn,  none  of  these  machines  have  any 
special  advantages  over  those  of  American  manufacture  previously 
described,  and  some  of  them  are  much  inferior  to  the  mo&t  recent 
American  improvements, 

SfMr^r's  Zitu-€itrbmi  Galvanic  Baiifry, — Dr.  Emil  Stiihrer,  of  Dres- 
den, is  the  pioneer  in  the  art  of  making  convenient  and  trustworthy 
galvanic  apparatus  for  electro-therapeutists.  He  makes  combinations 
of  zinc  carboD  cells,  both  portable  and  non-portable.    He  was,  wc  be- 


iieve^  the  first  to  devise  convenient  and  simple  current-reversfjrs  and 
current-selectors.  These  batteries  have  the  disadvantage  of  all  zinc- 
carbon  batteries,  that  the  carbons  are  friable,  Tney  also  polarize 
rapidly,  though  not  so  rapidly  as  Smee's  cell,  and  if  the  plates  are  kept 
long  in  the  solution  the  current  becoiiu  s  very  weak. 


Ftc.  Sb. 

MilliatTipcreTnctcr  (Wute&  Borllett). 


This  milliamperenieter  (Fig.  S2)  is  a  great  improvement  upon  any* 
thing  we  have  hitherto  had  for  the  measuretneni  of  current  strength. 
Those  ordinarily  in  use  register  but  forty  or  fifty,  and  oscillate  so  per- 
sistently as  to  greatly  inconvenience  the  operator.  This  instrument, 
by  means  of  two  shunt  coils,  will  meaauie  as  high  as  five  hundred,  01 
as  low  as  one-tenth  of  one  milliatnpcre.  A  reading  can  be  taken 
almost  instantly. 


CHAPTER  IX. 


LOCALIZED  ELECTRIZATION- 

Th£  cbjtci  of  localized  ehcfrizmiion  is  io  confine  the  direct  actimt  of 
the  current,  so  far  as  possiMiy  to  some  particular  part  of  the  body. 

This  IS  accomplished  by  placing  electrodes  so  thai  the  current,  in 
passinj;  from  one  to  the  oihcr^  shall  chiefly  traverse  only  that  particular 
part  thai  is  to  be  affected^ 

Both  currents  may  be  loc^iljjred  in  this  way,  hence  the  division  of 
localued  electrisation  iolo  localLieU  faraditatioa  and  localised  galvani- 
zation. 

The  scientific  use  either  of  localised  ^alvanisctiion  or  faradizatim 
requires  as  accurate  as  possible  preliminary  diagnosis  of  the  disease. 

In  cases  of  doulit  it  is  necessary  to  electrize  in  succession  ad  the 
suspected  localities  until  the  results  of  treatment  show  conclusively 
that  we  have  hit  upon  the  seat  of  the  disease.  Accordingly,  in  obsti- 
tiaie  OT  duubtful  cases  the  head,  the  cervical  sympathettc,  and  the 
Bpine,  and  in  some  instances  the  uterus  or  organs  of  the  abdomeo,  are 
to  be  successively  clectriitedt 

In  the  very  numerous  cases  of  doubt  also,  when  the  locahty  of  the 
disease  cannot  be  ascertained»  as  well  as  in  conditions  of  irritation 
where  eleclrixatton  of  the  seat  of  the  disease  will  not  be  bornci  peri- 
pheral apjjlicatioDs  alone  are  frequently  of  decided  service.  For  i>eri- 
pheral  applications  both  the  galvanic  and  faradic  currents  are  used  ; 
for  central  applications,  chiefly  tlie  galvanic.  In  some  diseases,  as,  for 
example,  locomotor  ataxia,  in  certain  stages  it  is  better  to  treat  the 
prominent  symptoms,  as,  for  example^  the  an^'esthesia}  than  the  seat  of 
the  disease  in  the  spine. 

Insirumenis  for  Localized  Mlectrisation.-^\n  localized  electrization 
the  satne  galvanic  and  faradic  apparatus  are  used  as  in  general  electri- 
zation. For  localized  electrization  in  all  its  modifications  there  are 
needed  a  variety  of  electrodes  of  different  shapes  and  sLces^  to  reach 
ihc  various  lociHtics  and  accomplish  the  different  indications. 
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Of  thtz  electrodes  there  are  three  general  forms:  the  tlectrU  hand t 
the  metallic  brush ;  solid  meiah  and  mctais  covered  with  sponge 
fianncl^  linsn,  or  chamois^  thoroughly  moistened. 

Dry  or  Cutaneous  Faradhation. — To  accomplish  dry  raradLealion 
the  portion  of  the  skin  over  which  ihe  appUcatJOti  is  to  be  made  should 
be  wiped  thoroughly  dry,  or,  what  is  belter  still,  siirinkled  wlUi  some 
absorbing  powder,  as  the  common  nursery  powder;  and  the  applica 
tion  may  be  made  with  the  dry  hand  of  the  operator,  or  wiib  metallic 
electrodes. 

In  dry  faraduation  with  the  hand  there  is  heard  a  pecuh^/  crackling 
sound,  which  is  caused  by  the  sparks  that  take  place  as  the  cutrent 
passes  from  different  points  of  the  hand  to  the  skin, 

VVJieu  tljc  dry  hand  is  used,  tlie  operator  passes  the  current  through 
his  own  person,  one  of  the  electrodes  applied  to  some  near  point  by 
an  assistant^  or  held  in  the  hand  by  the  patient  himself.  Soiid  metallic 
electrodes  of  various  shapes  may  be  used  for  dry  dectri£ation. 

Dry  electrization  by  the  metallic  brush  with  a  strong  current,  faradic 
or  galvanic,  is  a  very  painful  method  of  a[)pHcation,  and  is  to  be  re- 
sorted to  only  io  tho^e  cases  where  there  is  profound  cutaneous  anaes- 
thesia or  in  neuralgia.  In  all  cases  where  there  is  great  sensitiveness 
the  hand  is  to  be  preferred  to  any  form  of  artificial  electrodes. 

Jiieetric  Moxa, — The  so-called  eleciric  moxa  is  produced  by  using  a 
metallic  brushy  plate  or  point,  and  one  moistened  electrode.  The  dry 
electrode  is  rapidly  tonched  to  the  surface  where  the  moxa  is  to  be 
made,  while  the  other  is  kept  firmly  applied  to  some  near  and  in- 
different  point.  The  surface  of  the  skin  may  previously  be  rubbed 
very  dry,  or  sprinkled  with  some  absorbing  powder. 

The  operation  requires  a  current  of  some  strength,  and  is  exceed- 
ingly painful.  It  is  chiefly  employed  as  a  counter-irritant  in  neuralgia, 
in  which  affection  it  is  frequently  successfuL  The  electric  moxa  may 
also  be  produced  by  means  of  two  metallic  brushes,  one  of  which  is 
presided  on  the  skin. 

EUctrizaiionwiih  Moistened  Ekctrmies, — When  it  \%  desired  to  a£fcct 
the  tissues  lying  beneath  tlie  epidermis,  it  is  better  to  use  electrodes 
covered  with  sponge,  chamois,  or  llannel,  ikoroughiy  moistened  with 
salt  water  or  ordinary  water.* 

The  size  and  shape  of  the  electrode  employed  nmst  be  modified  ac. 
cording  to  the  situation  and  sensitiveness  of  the  part  where  the  current 

*  [n  fdradUation  we  never  or  but  rarely  use  alt  ui  the  water;  ui  galvAuizaiioi 
ft  IS  sometimes  a  great  advantage,  because  it  makes  the  current  more  pAiuMly  feltg 
Mid  thus  prevents  the  use  af  tf  o  itronj;^  currents. 
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is  to  be  localized,  and  also  by  the  sensitiveness  of  the  patient  As  • 
rule,  small,  fincly-pomted  el<;ctrcKles  are  required  for  localued  faradi 
zatian  of  single  muscles,  larger  electrodes  for  large  muscles,  or  groups 
of  nmsclc*,  and  those  with  the  largest  surface  for  g^vanizatiott,  of  thf 
sympathetic,  brain  and  spine^ 

When  rhe  current  is  localised  by  means  of  moistened  electrodes,  ii 
diffuses  itself  through  the  body  between  the  electrodes  in  variotis  di- 
rections. The  extent  of  this  diffusion  will  be  variously  modified  by  the 
,tion  of  the  electrodes  and  the  structure  and  relation  of  the  parts 
that  lie  between  them  (see  Elec'tro  Physiologj').  It  is  tiianifesc  also  that 
the  density  of  the  current,  other  conditions  being  the  same,  will  be  girat- 
est  near  the  electrode  and  least  at  the  farthest  point  between  them.  The 
strrngth  of  th€  current  bang  the  same^  small  eUctrmUs  an  m&rt  pmuful 
than  ihost  xvtth  a  broad  surface^  and  meia/Iic  mare  than  the  kv/  sponge 
or  flvinntt.  The  lea^t  painfiil  form  of  artificial  electrode  is  a  soft  s(H>nge, 
with  a  broad  surface,  and  well  moistened. 

Dirtct  and  Indirect  Ehctrisat'wn.~^^f^  general  methods  of  localized 
jtri^ation  arc*  recognized — the  direct  and  the  indireet.  In  direct  elec- 
~atton  the  application  is  made  over  the  muscle  to  be  excited.  In  in" 
direct  electrisation  the  application  is  made  to  the  nerve  which  supplies 
the  muscles.  In  the  former  method^  large  electrodes  are  preferred  ;  m 
the  tatter,  usually  those  which  are  small  and  pointed.  The  faradic  cur- 
rent is  best  indicated  for  direct  electriiaiionj  and  the  galvanic  for  indirect. 
The  points  where  the  motor  nerves  enter  the  muscles  are  called 
'•nfiotor  points."  They  have  been  carefully  demonstrated  and  located 
by  Zitrmsst  u  and  ourselves, 

Definiiion  of  T<rms,—\x\  stable  a[>plicaiions  both  electrodes  are  kept 
in  a  fijced  position. 

tn  iabiU  applications  one  of  the  electrodes  is  moved  or  glided  over 
the  surface  ;  sometimes  both  of  the  electrodes  are  moved  siniultancously, 
A  airretit  is  called  ri»;r///»/w(/j  when  it  is  allowed  to  flow  in  one  direc- 
tion without  intemtption.    Only  the  galvanic  current  can  be  continuous, 
since  the  faradic  is  always  tn  a  condition  of  interruption, 

A  current  is  called  interrupted  when  it  is  broken  by  removing  one  of 
the  electrodes,  or  by  some  form  of  current-breaker  irj  the  electrode,  m 
by  any  method  of  breaking  the  circtiit.  The  faradic  current  is  always 
interrupted  by  its  rheotome,  but  it  may  be  still  further  inlerrupled  by 
removing  one  of  the  electro<lcs, 

A  current  is  called  uniform  when  it  remains  of  the  same  strength 
during  the  applications  of  the  electrodes. 

A  current  is  called  by  us  increasin^t  when  its  strength  is  gradual)) 


augmented  during  the  applications.  This  method  possesses  a.  great  ad» 
vantage  in  treating  conditions  of  irritation  and  inflammation.  It  may 
be  used  with  both  galvanization  and  faradization.  A  much  more  pow- 
erful current  can  be  borne  when  its  strength  is  gradually  inertased  ihaii 
when  it  is  suddenly  let  on  in  full  force  with  the  fiist  closure  of  the  cir- 
cuit,  as  is  usually  the  custom  with  the  majority  of  electro-therapeutists, 
A  current  which  when  suddenly  closed  may  cause  unbearable  pain,  and, 
when  applied  near  the  nerve*centreH,  may  indiice  dizziness  and  faintness, 
may  oftentimes  be  borne  without  discomfort  and  with  positive  advantage 
if  it  is  graduaUy  increased  from  a  very  mild  current  With  the  faradic 
current  a  mild  anesthesia  is  [>roduced.* 

Increasing  currents  are  indicated  in  applications  to  the  brain,  sympa- 
thetic, spinal  cord,  the  eye  and  ear,  urethra,  inflamed  joints,  and  to 
all  conditions  of  great  irritation  in  any  part  of  the  body. 

The  faradic  current  <of  Kidder's  apparatus)  tnay  be  increased  by 
slowly  withdrawing  the  metallic  lube.  To  graduaUy  increase  the  gal- 
vanic current,  a  rheostat  of  some  kind  is  needed.  The  galvanic  current 
can  also  be  increased  by  an  arrangement  that  gradually  adds  to  the  num- 
ber of  elements  without  interrupting  the  current,  or  when  a  spon 
t'lcctrode  is  used,  by  slowly  increasing  the  pressure. 

The  term  voltak  altermjUivcs  is  applied  to  those  applications  in 
which  the  direction  of  the  current  is  reversed  continually,  while  tlie 
electrodes  are  kept  firm.  The  current-reverser  is  a  very  convenient 
hislrumcnt  for  producing  voltaic  alternatives  (see  p,  324), 

For  electrization  of  muscles,  labile  or  stable  interrupted  currents  are 
prt-'ferred.  For  electrization  of  the  head,  spinal  cord,  sympaihetic,  and 
nerve-tracts  and  plexuses,  stable  continuous  currents  are  indicaied,  and 
these  again  may  be  either  uniform  or  increasing.  Labile  or  stable  in- 
leimpted  currents  are  best  adapted  to  produce  muscular  contractions, 
fthd  cause  moat  potent  physical  and  mechanical  effects,  while  stable 
coimnuous  currents,  whether  uniform  or  increasing,  produce  the  strong- 
csit  clcctrolylic  or  catalytic  action. 

In  cases  where  the  i:lectro -muscular  contractility  is  not  greatly  di- 
miiiished,  it  is  an  advantage  to  use  electrodes  with  a  broad  surface, 
since  thereby  several  motor  points  may  be  intUienced  simultaneously^ 
together  with  a  considerable  extent  of  muscular  tissue,  and  becau 
they  are  less  painful  than  small  electrodes.  In  such  cases  the  faradic 
citrteut  is  preferable. 

VMitru  the  electro-muscular  contractility  is  very  greatly  diminished,  aa 

•  S«  ftJi  wHcle  on  Faradic  Anicsthesii,  by  Dr»  A.  7  ripier,  of  Paris,  in  Archives  o' 
Elect Tolo|f]r  ami  Neurology,  Ma-y,  1874 
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to  frequently  happens  in  paralysis^  con'ractions  are  best  produced  by 
small,  finely  pointed  electrodes,  applied  at  the  raotor  points  of  the  in. 
dividual  muscles ;  yet  even  here  electrodes  of  moderate  size  are  usually 
preferaNe.    Such  cases  often  require  the  galvanic  current. 

Details  of  Apptkaiions  of  Localized  KUciritaiian, 

Gaivanizaiion  of  the  Central  JVert'ous  System,^lt  {%  necessarv  to  bear 
in  mind  at  the  outset,  that  to  produce  powerful  electrolytic  effects  on 
the  brain»  spinal  cord,  and  sympathetic,  the  galvanic  current  is  prefer- 
able t(j  the  faradic,  akhougli  the  faradic  current  certainly  affects  the 
ner%'e-centres. 

Gah'anisatwn  of  the  Head. — The  head  may  be  electrized  in  a  variety 
of  ways,  according  to  the  supposed  seat  of  the  disease.  One  pole  may 
be  placed  on  the  forehead  and  the  other  on  the  occiput ;  or  both  poles 
may  be  placed  over  the  ears,  or  on  the  mastoid  processes.  Another 
method  which  we  frequently  adopt  is  to  place  the  positive  pole  on  the 
sunimitp  over  the  supposed  organ  of  firmness,  and  the  other  at  the  oc- 
ciput, or  under  the  chin. 

I'o  affect  the  base  of  the  brain,  the  electrodes  may  be  placed  on  or 
behind  the  mastoid  processes.  To  confine  the  action  to  one  side  of 
brain,  one  electrode  may  be  placed  on  the  forehead,  over  the  eye, 
and  the  other  on  the  mastoid  process  of  the  same  side*  The  patient 
may  hold  one  of  the  poles  m  the  hand.  Still  another  method  less  used 
is  to  place  an  electrode  on  each  temple. 

Less  dizziness  is  caused  if  the  current  is  opened  and  closed  with  the 
positive  than  with  the  negative  pole.  It  is  wedj  therefore,  to  first  apply 
tlie  negative  pole. 

Less  di^iiness  is  caused  when  the  current  flows  through  one  side  of 
the  head,  or  from  the  forehead  to  the  occiput,  than  when  it  is  sent  from 
one  side  to  the  other,  through  the  mastoid  processes  (see  Electro- 
Physiolopy,  p.  iij). 

The  use  of  some  kind  of  a  rheostat,  so  as  to  avoid  interrupting  the  cur* 
rent  or  giving  sudden  "  shoeks^^  on  closing  and  apeningy  is  almost  indis- 
fensaMe  in  cieetriting  the  brain  and  neck,  VVith  regard  to  the  direction 
of  the  current,  it  is  usually  better  to  place  the  negative  pole  nearest  the 
neck,  and  the  positive  pole  nearest  the  forehead.  But  this  rule  is  liable 
to  many  exceptions,  and  each  case  must  be  studied  by  itself,* 

Klectrizalion  of  the  head  produces  flashes  of  light  through  irritation 
of  retina,  and  dizziness,  which  with  many  is  disagreeable.    If  the  ap* 


S«  retnarks  oti  polar  effects,  p.  t02. 
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plication  is  too  long  continued^  headache  and  insotT.nta,  anJ  general 
maiahe^  may  result.  Patients  whom  a  short  application  through  th* 
head  benL*fits,  are  someliines  injured  when  the  stance  is  protracted. 
GaWani/atic.n  of  the  head  should  be  made  with  broad  electrodes,  wiih 
a  stable  current,  which  maybe  either  rmiform  or  increasing,  and  should 
not  exceed  from  one-half  a  minute  or  three-quarters  of  a  minute,  tc 
five  or  ten  minutes,  and  with  a  mild  current. 

To  all  these  rules  in  regard  to  the  strength  of  currents  there  are  ex- 
ceptions. There  are  cases  of  even  very  delicate  patients  that  will  bear 
almost  any  amount  of  electricity  through  the  head  and  neck. 

Giih'anlsiifwn  of  the  Cervical  Sympathelk, — The  portion  of  the  sym- 
pathetic  to  which  galvanization  is  chieliy  directed  for  therapeutical  pur- 
poses is  the  cervical,  although  the  cephalic^  thoracic,  and  abdominal 
ganglia  are  imquestionably  affected  by  it,  though  not  with  so  specific, 
demonstrable,  and  mnnediate  lesulis, 

There  aie  a  number  of  methods  by  which  the  superior,  middle,  and 
iriferior  cervical  ganglia  may  be  demonstrably  afFectcd  by  the  galvanic 
current. 


Galvanization  of  the  Cerrical  Sympathetic 

I.  One  electrode  with  an  oblong  e-xtreraity  is  placed  in  tne  aaricalo- 
maxillary  fossa,  while  the  other  with  a  larger  surliice  is  applied  over, 
i>r  by  the  side  of  the  sixth  and  seventh  cervical  vertebrie  (see  Fig,  95). 

The  second  electrode  may  also  be  applied  at  any  point  along  the 
Rpine,  from  the  occiput  to  the  coccyx.  It  is  by  this  method  that  diplegic 
contractions  are  usually  produced  with  most  success. 
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7.  The  first  electrode  being  placed  as  before,  in  the  auriculoinaxillarjr 
fossa^  the  other,  with  a  surface  of  moderate  diameter,  is  applied  just 
nbove  the  manubrium  sterni^  by  the  side  of  the  stemo-^leido-mastaid 
muscle  (see  Fig,  96). 


Fio. 

Galnnization  of  the  Cervical  Sympathetic,  including  the  Pneumog&stric. 

The  second  electrode  may  also  be  applied  higher  up  in  the  neck,  op 
posite  the  middle  cervical  ganglion. 

The  above  are  the  two  methods  which  have  been  raost  frequently  era- 
ployed.    Other  methods  are  the  following. 

3.  The  first  electrode  being  placed  as  before,  the  other  may  be  ap- 
plied on  the  shoulder,  elbow,  or  in  the  hand  of  the  opposite  side,  or  in 
the  axilla. 

4.  Both  sides  may  be  galvanized  simultaneously^  by  placing  an  elec- 
a"ode  over  the  mastoid  processes. 

5.  One  electrode  is  placed  just  above  the  manubrium  sternly  and  the 
other  at  any  point  down  the  spine, 

6.  One  electrode  is  placed  over  the  sixth  and  seventh  cervical  verte* 
br^e,  anfl  the  other  over  the  brachial  plexus*  at  the  pit  of  the  stomach, 
iust  above  the  manubrium  atemi,  in  either  hand,  or  at  the  feet 

In  all  these  methods  either  direction  of  the  current  may  be  used,  ac- 
cording as  calming  or  irritating  effects  are  desired  (see  p,  281). 

Concerning  the  physiological  effects  of  galvanization  of  the  sympa- 
thetic see  Electro-Physiology^  p,  izS. 

Applir'^tions  to  the  sympathetic  should  be  made  from  one  to  ten 
at 
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minutes  and  with  from  five  to  twenty-five  cells.  S*sveral  methods  oi3j 
be  tried  at  a  single  sitting  in  cases  where  ihe  applications  are  well 
bome. 

Bearing  in  mind  that  in  all  such  attempts  to  galvanize  the  cerviciJ 
sympathetic,  the  pneuiuogastric  and  spine  must  be  more  or  less  influ- 
enced, the  general  indicaiions  for  the  use  o("  this  method  of  treatuienl 
to  which  experience  would  seem  to  point  are  these  t — 

t.  Cerebral  antemia  and  hypertctnia.  These  conditions  are  associated 
with  and  are  a  part  of  a  Urge  variety  of  diseases.  Insomnia,  hemiplegia, 
lie  tlonloiireiix^  many  disease*  of  the  eye  and  ear,  as  neura-reliniiis,  ner- 
V'Oiis  deafness  and  tinnitus  auriLun.  are  ail  more  or  less  associated  with 
cerebral  :insemia,  hyperxmia,  and  all  have  been  treated  by  galvanization 
of  the  cervical  sympathetic,  witli  more  or  less  success. 

2<  Disorders  of  the  vaso  motor  nerves.  Under  thid  head  may  be  in- 
cluded some  cases  of  deficient  circulation,  cutaneous  hyperjesthesla,  and 
certain  diseases  of  the  skin. 

3.  Functional  diseases  of  the  digestive  and  genital  apparatus.  Gal- 
vanization of  (he  sympathetic  in  these  conditions  seems  10  workj  partly 
Rt  least,  by  reflex  action,  and  partly,  also,  by  the  influence  which  the 
spinal  cord  and  pneuniogastric  receive  daring  the  applications. 

It  is  scarcely  necessary  10  remark  that  the  ex^iushft  (^f  galvani- 
tathn  &f  the  eerviatl  sy  mpathttic  is  indicated  only  in  exetptional  cases. 
It  is  tc  be  employed  in  connection  or  alternation  with  general  faradiza- 
tion and  galvanization  of  the  brain,  spinal  cord,  and  periphery-  A  note- 
worthy advantage  of  this  method  of  treatment  in  those  cases  for  wh'ch 
it  is  of  service  is  the  comparatively  short  time  required  for  its  employ- 
ment 

The  objection  that  galvani^alion  of  the  cervical  sympathetic  is  9. 
dangt^rous  procedure  witi  be  considered  in  the  chapter  on  central  gal- 
vanization, 

Gtilvanizaiion  of  the  Spfftr. — The  i^iiiue  may  be  electrized  by  placing 
one  electrode  at  the  nccifuttt  and  the  other  at  the  coccyx.  One  of  the 
electrodes  may  be  kept  i/i  sUu^  while  the  other  is  slowly  passed  up  and 
down  the  entire  length  of  the  cord.  Either  pole  may  be  passed  up  and 
Hown  in  (his  way  according  to  the  effect  desired. 

The  current  may  also  be  localized  in  any  part  of  the  spine  that  may 
be  re*]uired,  by  giving  the  electrodes  the  proper  position.  The  appli- 
cations may  bt?  made  with  ten  cells  and  upwards,  and  should  not  usually 
exceed  Ave  or  ten  minutes.  The  applications  should  be  sensitively 
felt,  like  a  gentle  mustard  plaster,  but  should  not  be  excessively  pain 
fuK  like  a  blister. 
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WwcDltr  Fcrfclitatlon  with  metiJUlc  electrodes  (DuchenoeX 
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Ftc,  B?. 

Faradization  of  the  Musetes  of  the  Thlgh^  contraction  of  the  q^UkdHcepk 


F»r*duitiQn  ijf  Fopllteftl  Kerre  utd  Pcronenl  MbbcIcs.    Foot  hrDogbt  opmrd  utt 

oulw^d. 


Etcctnsatwn  &f  Plexuses^  Nerves^  and  Musclts. — Plexuses,  nerves, 
and  muscles  are  ireated  by  both  currents  (see  chapter  on  differentia, 
indications  for  the  use  of  the  galvanic  and  faradic  currents). 

One  electrode  may  be  applied  to  a  plexus  and  the  other  to  one  of  its 
branches,  or  W  a  muscle  or  group  of  muscles.  Both  electrodes  may  be 
applied  to  the  nerve*  or  one  to  the  nerve  and  the  other  to  a  muscle ;  or 
both  may  be  applied  to  a  muscle  or  group  of  muscles.  All  these  appli- 
cations may  be  made  cither  with  or  witliout  regard  to  the  direction  of 
the  current,  and  different  methods  may  be  tried  at  the  same  stance. 

In  all  ihe  positions  described  in  the  above  cuts,  contractions  should 
be  produced  with  mild  faradic  currents,  when  the  electrodes  arc  in  the 
position  represented.  If  very  strong  currents  are  necessary  ar  no  con- 
tractions are  possible^  the  muscies  are  in  a  condition  of  disease. 

Peripheral  applications  are  indicated  where  the  disease  is  purely  of  a 
peripheral  character;  the  partly  central  applications  are  indicated  where 
the  disease  is  of  a  central  origin  . 

Labile  intemipted  applications  are  indicated  where  it  is  desired  to 
produce  mechanical  effects  or  muscular  contractions,  as  in  anesthesia 
and  paralysis. 

Stable  continuous  applications  are  indicated  where  it  is  desired  to 
produce  electrotonic,  chemical,  or  catalytic  effects,  as  in  neuralgia, 

Benedikt*  makes  the  following  somewhat  over-re&ned  subdivisions 
of  the  methods  oi  gaivamsation  of  the  centre  and  periphery  : 

Spinal-cord  current,-  both  poies  are  placed  on  the  spine,  cither  near 
together,  or  at  some  distance  from  each  other. 

Spinal-cord-roQt  current :  one  pole  is  placed  on  the  spine,  and  the 
other  is  passed  up  and  down  by  the  sides  of  the  vertebrse. 

Spinal-cord  plexus  current  -  one  pole  is  placed  on  the  spine^  and  the 
other  on  a  plexus  of  nerves. 

Spifml-cord  nerve  current  ,*  one  pole  is  placed  on  the  spine,  and  the 
other  on  a  nerve. 

Spinal -cord- muscle  current.*  one  pole  is  placed  on  the  spine  and  the 
other  on  a  muscle. 

Plexus-nertJe  current:  one  pole  is  placed  on  a  plexus  of  nerves  and 
the  other  on  a  nerve. 

Nerve-muscle  current :  one  pole  is  placed  on  a  nerve  and  the  othei 
on  a  muscle. 

These  currents  may  be  either  stable  or  Mi/e^  continuous  or  inter' 
ruptedj  unif&rm  or  increasing. 


•  Op.  dt.,  p.  56. 
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SpiiuJ  cord'brachial  plexus  curmL 


I 

¥wi.  90. 

SpiQ^'Cord<niediiut  nerre  current. 

The  method  of  electrizing  the  ey^,  car^  nose,  larynx,  fcsophagu^ 
lieart,  lungs,  stomach,  liver,  kidneys^  spleen,  intestines,  rectum,  b1d,ddcr, 
male  and  female  organs  of  generation,  will  be  described  in  the  chapters 
devoted  to  diseases  of  tliese  organs. 

The  method  of  electrizing  individual  nerves  and  muscles  has  been  de- 
scribed at^d  illustrated  tn  the  chapter  on  electro-therapeutical  anatoaiy. 


EFFECTS- 
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hfft€t  q/  Currtnt  modified  by  the  Length  of  Apptkaihn, — The  sensa- 
tions and  the  effects  of  electrical  applications  are  considerably  modified 
by  the  length  of  tinic  thai  the  electrodes  are  kept  in  position.  When  Uic 
faradic  current  is  first  applied  to  the  skitif  it  causes  a  stinging,  pricking 
BCQsatton^  perceptibly  stionge&t  at  the  negative  pole ;  if  the  electrodes 
are  kept  in  position  the  sensation  may  gradually  dinimish»  and  the  parts 
will  become  very  slightly  benumbed,  and  if  now  the  strength  of  the  cur- 
rent be  gradually  increased^  little  or  no  additional  pain  is  caused.  If 
the  current  is  at  first  very  strong,  it  cannot  be  borne  long  enough  lo  pro- 
duce this  beDUinbing  effect. 

When  tlie  galvanic  current  k  tirst  applied  to  the  skin  it  cau^s  no 
sensation  or  scarcely  any,  unless  it  be  very  strong  or  is  directed  over  or 
near  a  motor  nerve ;  if  the  electrodes  are  kept  in  position  for  a  few 
seconds,  a  slight  burning  sensation  is  felt  at  both  poles,  but  strongest  at 
the  negaiwe.  This  burning  sensation  increases  quite  rapidly  until  the 
sensation  it  causes  is  like  that  of  a  strong  miistard  planter,  or  hot  iron,  and 
becomes  unendurable.  The  benumbing  effect  of  the  faradic  current  is 
not  experienced  The  fact  that  the  galvanic  current  is  but  little  felt  at 
first,  leads  those  physicians  who  have  not  been  accustomed  to  it  to  use 
it  altogether  too  strong.  This  increase  of  the  pain  under  the  galvanic 
current  Is  due  to  two  causes — the  laioistening  of  the  skin  through  the 
moisture  of  the  electrode,  so  that  it  becomes  a  better  conductor  of  elec- 
tricity^ and  the  special  chemical  action  of  the  poles  (see  Electro-l'hysi- 
ology,  p,  i8i).  This  increased  conductivity  of  the  skio  is  tiie  partial  if 
not  complete  explanation  of  the  fact  that  ihe  muscles  contract  under  a 
feebler  current  after  the  electrodes  have  been  some  time  in  one  place.  It 
is  not  impossible,  however,  that  the  nerves  or  muscles  may  be  so  slimu- 
lated  by  the  current  as  to  contract  more  readily  than  before  stimulation. 

The  reverse  proposition,  that  strong  currents  used  for  a  long  lime 
enfeeble  the  nerves  and  nmscles  so  that  they  respond  leas  readily  to  tlie 
current,  Is  certainly  true,  and  is  easy  of  demonstration,  especially  incases 
of  facial  paralysis*  For  this  reason,  prolonged  applications  frequently 
do  more  harm  than  good. 

Effects  of  Localized  Eiectrisation. — Localized  electriiation  has  to  a 
Imiiled  extent  the  same  direct  effect  on  the  part  to  which  the  applica- 
tion is  made  that  general  electrization  has  on  the  ^hole  body.  It  acts 
as  a  locally  stimulating  tonic 

Impr0v<fRent  in  Local  Nutriiion  the  leading  effect  of  Localized  Elee^ 
trimthn. — The  leading  and  general  effect  of  localized  clectrixationj  and 
one  which  is  a  complex  result  of  the  various  special  effects,  is  improve 
"nent  in  iocal  nutriiion* 
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Localked  eleccn^ation  of  an  atrophied  or  poorly  nourished  muscle 
causes  that  uiuscle  to  improve  in  si/e  and  strength  ;  localized  electriza- 
tion of  an  atrophied  or  poorly  nourished  org;an,  as  the  uterus,  causes  il 
to  increase  in  si^e  and  improve  in  functional  activity. 

Localized  electrization  of  any  part  of  the  cercbro-spinai  system  im- 
prove:^  the  nutrition  of  that  part,  and  ab  a  result  the  whole  body,  ovei 
which  the  cerebro-spinal  system  presides,  may  improve  in  nutrition. 
Thus  localiiced  may  indirectly  have  some  of  the  same  effects  as  general 
electrization.  Sitnilarly,  also,  as  we  descend  from  the  centre  toward  the 
periphery  electrization  of  any  nerve  branch  or  plexus  improves  the  nu- 
trition, not  only  of  tJie  nerve  acted  on,  but  also  of  its  various  branches, 
and  of  the  muscles  and  organs  that  it  supplies. 

When  the  nutntiou  of  an  atrophied  part  is  improved  it  grows  larger ; 
when  the  nutrition  of  a  hypertrophied  part  is  improved  it  grows  smaller. 
The  same  treatment  that  makes  a  flabby  muscle  increase  in  si^e  causes 
a  goitre  to  diminish  in  size.  These  opposite  effects  of  the  local  use  ol 
electricity,  though  apparently  inconsistent,  are  yet  quite  consistent  (see 
Electro-Physiology^  p.  191  ;  and  Electro-Surgery,  chapter  on  Tumors). 

The  special  effects  of  localized,  unlike  those  of  general  electrization, 
cannot  be  broadly  stated  or  classified,  for  the  obvious  reason  that  they 
muat  so  largely  depend  on  the  locality  to  which  the  application  i^  made. 

Although  applications  to  the  central  nervous  system  are  sometimes 
followed  by  mild  and  limited  degrees  of  the  priniarVj  secondary,  and 
permanent  effects  that  result  from  general  faradization  or  ceniraJ  gal- 
vanization ;  yet  the  cases  where  the  full  order  of  these  effects  is  so 
marked  and  decided  as  to  be  observed  are  comparatively  unfrequent. 

Applications  to  the  brain  and  sympathetic  system  niay  be  followed 
primarily  by  relief  of  pain,  slight  exhilaration^  a  feeling  of  warmth  or 
somnolence  ;  secondarily  by  fatigue,  headache,  or  soreness  of  the 
muscles,  or  exacerbation  of  the  morbid  symptoms  ;  and  permanenlly  by 
improvement  in  sleep,  strength,  and  capacity  for  labor. 

But  this  &rd€r  of  effects  from  lov^tlized  electrization  is  exceptional,  even 
from  applications  made  to  the  head.  More  frequently  the  permanent 
effects  arc  experienced  without  the  primary,  or  perhaps  both  the  per- 
manent and  secondary,  and  sometimes  only  the  latter. 

Yet  none  of  these  constitutional  effects,  in  whatever  order  they  may 
occur,  are  experienced  to  the  extent  that  is  derived  from  general  fara^ 
dii^atioQ, 

The  agreeable  symptoms  which  are  most  frequently  observed  aftei 
lor^lized  applications  to  the  nerve-centres  are  dtsposit  'wn  (&  sleeps  rdiej 
Qj  h(ftiiach€  or  ether  pain,  and  occasionally  siight  exhilaraiiQn, 
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Sometimes  the  beneficial  results  of  electrization  of  paralysed  muscles 
follow  immediatel>*  after  the  application.  The  patient  is  conscioui  of 
&n  ability  to  use  the  muscles  treated  with  greater  ease  and  freedom. 
This  irii[)rovement  may  be  merely  temporary,  or,  as  is  more  frequently 
the  case,  partial  relapses  occur,  leaving  a  certain  amount  of  permanent 
benefit  Immediate  relief  of  neuralgic  pain^  and  of  ihe  reverse  con« 
ditioQf  ansesthesia.  may  follow  localized  as  well  as  general  electri^iatiou. 
The  temporary  relief  of  the  neuralgia  may  be  complete,  while  that  of 
anaesthesia  is  usually  only  partial  and  limited.  In  both  conditions  the 
evil  symptoms  may  recur,  or  a  certain  amount  of  permanent  benefi* 
may  remain. 

Among  the  disagreeable  symptoms  are  dizsinesSy  heaviness,  oppreS" 
sion^  headackty  soretuss  in  tki  muscles^  exhaustion^  and  indifinabU  tter* 

These  disagreeable  symptoms  are  most  likely  to  result  from  applies 
lions  that  have  been  either  too  st^vtre  or  too  protracted  for  the  con- 
dition of  the  patient  j  and  yet  they  should  by  no  means  excite  alarm^ 
since  lljey  often  accoint»any  the  most  successful  results.  These  uii- 
pJeasaut  symptoms  are  more  likely  to  follow  the  use  of  the  galvanic 
current  than  ihe  faradic,  especially  when  the  applications  are  protracted. 
The  o|>iniou  that  has  been  expressed  by  certain  writers,  that  the  head  is 
more  likely  to  be  unpleasantly  affected  by  the  faradic  than  the  galvanic 
current,  is  not  sustained  by  experience.  The  phenomena  of  dizziness, 
heaviness,  etc.,  frequently  experienced  after  even  a  very  short  applica- 
tion to  the  head,  are  but  rarely  observed  when  the  faradic  current  of  a 
continuous-coil  apparatus  is  employedj  with  a  large  soft  sponge,  or  the 
hand  of  the  operator. 

Applications  of  localized  electrization  to  individual  muscles  or  groups 
of  muscles  rarely  give  rbe  to  any  constitutional  symptoms  whatever, 
unless  the  electrodes  are  placed  on  or  near  the  head* 

The  special  effects  of  localized  electrization  of  special  organs,  as  the 
eye,  car,  larynx,  stomach*  liver,  intestines*  uterus,  ovaries,  bladder,  etc, 
will  be  described  in  the  chapters  devoted  to  the  treatment  of  tlie  diseases 
of  these  organs. 

Absolute  L^caiitation  of  Eieciricity  impassihU. — It  should  be  con- 
sidered that  exdusive  and  absolute  hcatization  of  the  effects  of  eiectrita- 
Hon  is  im/ossib/e.  The  effects  of  both  currents  extend^  either  directly 
or  by  reflex  iction,  to  parts  beyond  the  circuit.  This  is  demonstrated,  not 
only  by  pliysiological  experiments,  but  by  the  observed  facts  of  clinical 
experience.  Thus  il  is  observed,  in  some  irritable  conditions,  that 
galvanization  of  the  spine,  and  even  of  the  extremities,  causes  a  metallic 
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laste ;  that  galvanization  even  of  the  bands  or  feet  sometimes  hastem 
or  increases  the  mensLiual  dischargef  relieves  headache,  and  produces 
sleq}*  The  same  effects  to  a  less  degree  are  sometimes  observed  from 
faradiitation. 

Some  of  the  illustrations  of  this  fact  are  quite  striking.  Thus  in  the 
case  of  the  wife  of  a  physician  whom  we  were  treating  by  faradization  of 
the  shoulder  for  rheumatism,  the  menstrual  fiow  was  so  much  increasj^d 
and  prolonged  that  it  was  necessary  to  abandon  the  treatment,  although 
only  very  mild  currents  and  short  applications  were  used. 

In  the  case  of  a  lady  whom  we  were  treating  for  sciatica,  by  localized 
galvanizaiion  of  the  paiaful  portion  of  the  nerve,  the  pain  was  de- 
cidedly relieved,  but  the  effect  was  to  bring  on  a  recurrence  of  the 
menses  aStev  they  were  suspended,  so  tliac  the  ^mtient  was  nearly  all 
the  time  menstrttating. 

These  illustrations  are  extreme  and  comparatively  rare,  but  they 
serve  to  show  clearly  enough  that  the  effects  of  electrization  cannot 
well  be  localized  to  the  points  between  the  electrodes,  and  that  other 
and  distant  parts  must,  of  necessity»  be  more  or  less  .i.Tected. 

The  term  ii?ira2h£d electrisation,  introduced  by  Duchenne,  is  therefore, 
strictly  speaking,  a  misnomer,  since  we  are  taught  by  physics  that  the 
vibrations  of  the  electrical  force  must  diffuse  themselves  in  various  direc- 
tions, and  at  a  considerable  distance  from  the  electrodes,  and  we  arc 
taught  by  clinical  experience  that  tlie  effuts  of  electrization,  however 
near  together  the  electrodes  may  be  placed,  are  not  entirely  confined 
to  tlie  points  between  or  neaJ  the  electrodes,  but  may  be  felt,  and  io 
some  instances  far  more  demonstrably^  in  distant  pans  and  organs. 

To  the  use  of  the  term  localised  eiectruaiion,  there  is  no  objection, 
provided  it  be  used  understandingly,  and  vdth  the  idea  that  it  is  merely 
a  term  of  convenience.  The  term  local  electrization  is  often  used 
synonymously  with  localized  electrisation,  and  for  the  reasons  here 
suggested  is  preferable  to  it.  Localized  electrization  has  the  advantage 
of  being  first  in  the  field,  and  has  become,  to  a  certain  extent,  coa- 
•ccnted  by  usage. 
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GENERAL  FARADIZATION* 

i^jtct  proposed  in  general  faraditafwn  is  t&  bring  every  portUn 
ff  (he  body  under  tht  infiuence  of  the  Jaradic  current^  so  far  as  is  pos- 
tibUy  by  txUrnai  tipplkaihns.  This  is  best  accomplished  by  placing 
^ne  p&U  (usualiy  the  negative)  at  the  feet  or  the  coccyx^  -white  the  other 
is  applied  over  t/te  surface  vf  the  body, 

Tlie  faradic  is  the  current  which  is  almost  exclusively  employed  i-Q 
geoeral  electrization,  and,  for  that  reason,  the  directions  and  expUtia- 
tions  given  in  this  section*  with  the  exceptions  that  will  be  notedj  apply 
mainly  aad  specially  to  general  faradization.  Since  die  discovery  of 
central  galvamzation^  to  be  hereafter  described,  we  have  discarded  the 
lerna  general  eUetrization.,  and  substituted  general  faradization^  for  the 
rea^n  that  the  gakanic  current  is  preferably  used  in  the  form  of  cen- 
tral galvanization. 

In  the  majority  of  cases  it  is  more  convenient  and  satisfactory  lo 
have  a  sheet  of  copper  at  the  feet»  This  position  is  indeed  the  rule  ia 
general  faradization.  The  broad,  callous  soles  of  the  feet  are  but 
slightly  sensitive,  and  will  bear  a  stronger  current  than  any  other  por* 
tion  of  the  surface  of  the  body.  But  the  passage  of  electricity  through 
the  ankles  causes  vigorous  contractions  of  the  flexors  and  extensorSj 
vliichi  when  the  current  is  very  strongs  may  be  somewhat  painful.  Ac- 
cotdingly,  when  the  patient  is  peculiarly  nervous  and  sensitive,  or  when 
a  current  of  unusual  strength  is  to  be  employed,  and  in  all  cases  where 
a  stronger  apphcation  is  desired  than  can  be  borne  through  die  ankles, 
or  when  it  is  desired  to  save  time  or  inconvenience,  it  is  advisable  to 
have  the  patient  sit  on  the  plate,  or  a  sponge  electrode  with  a  broad 
surface  may  be  applied  to  the  coccyx. 

In  general  faradization^  as  in  localized,  the  curreists  may  be  stable 
(stationary)  or  labile  (moving),  uniform  or  inereasing, 

Inercoiing  currents  are  adapted  for  certain  important  ccnties,  as  the 
head,  spine,  cervical  sympathetic^  and  ciUo-spinai  and  epigastric  regiona. 
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The  advantage  of  this  method  of  application  is  that  it  allows  the  use 
a  stronger  current  than  will  otherwise  be  borne  ;  the  strength  of  the 
current  may  be  so  very  gradually  increased  that  the  increase  within 
certain  limits  may  be  almost  imperceptible  to  the  patient.  This  arises 
partly  from  the  fact  that  the  current  has  a  slight  bentimbingoranassthetic 
eifect  (see  Electro  Physiology,  p.  iii),  and  partly  fiotn  the  fact  that  by 
a  gradual  increase  of  the  strength  of  the  current  the  patient  is  spared 
the  shock  that  is  experienced  when  a  strong  current  is  suddenly  directed 
through  sensitive  portions  of  the  body. 

Labile  3.^6.  interrupted  currents  are  adapted  for  the  muscles,  especially 
of  the  extremities. 

General  faradization  is  very  far  from  being  so  easy  a  process  as  il 
might  appear  from  this  brief  description*  Its  successful  employmenl 
requires,  on  the  part  of  the  operator,  some  mechanical  dexterity,  entire 
familiarity  with  the  instruments  required,  a  complete  knowledge  of 
electro-therapeutical  anatomy;  a  personal  acquaintance  with  the  sen- 
sations and  behavior  of  all  portions  of  the  body  under  the  diflTerent 
electric  currents  ;  close  and  paiient  study  of  the  diseases  and  morbid 
conditions  in  which  it  is  indicated,  and  of  their  response  to  raradization. 
There  are  those  who  hy  long  practice  are  enabled,  when  necessary,  to 
readily  manipulate  any  portion  of  the  body  with  either  hand,  while  there 
is  passing  through  them  a  current  so  powerful  as  to  keep  many  of  ihe 
principal  muscles  of  the  arms  in  a  state  of  contraction.  This  qualifica- 
tion, however,  though  convenient,  is  not  indispensable. 

On  the  side  of  the  patient,  success  in  the  use  of  general  faradi^a- 
tion  requires  something  of  the  same  patience  and  perseverance  that 
are  conceded  to  be  necessary  for  aucceas  iu  the  use  of  any  other  rorm 
of  electrical  treatment. 

Nothing  is  more  difficult  than  to  fully  and  accurately  describe  in 
words  an  operation  that  in  its  very  nature  demands  actual  sight  and 
experience.  The  true  method  of  learning  the  art  of  general  faradiza- 
tion is  by  repeated  observations  of  its  application  to  the  living  subject, 
by  personal  experience  of  its  sensations  and  results  at  the  hands  of 
practised  adepts,  and  by  long  and  various  experimenting  on  diverse 
temperament^  and  in  opposite  states  of  disease.  We  shall  enJeavorf 
nowever,  to  present  the  best  possible  substitute  for  a  course  of  private 
lessons  or  extended  clinical  observation  in  this  department,  by  answer- 
ing  in  detail  the  practical  questions  that  naturally  present  themselvet 
to  one  who  approaches  the  subject  ab  tniiiff,  and  who  has  no  oppor- 
tunity for  personal  inierviews  with  those  to  whom  the  various  itcpi  of 
the  operation  ha\e  become  already  familla^. 
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FlO.  ^ 

GlVERAl.  FarADIZATTOK — application  to  the  head  by  the  hand  of  the  opermior, 
(In  thi%  as  in  aU  of  the  cuts  of  gcncraj  faTodUation,  for  convenience  of  tUu^lra- 
lion  Ibc  patient  »  represented  without  an^  coverinn^.  In  the  majority  of  Cfliset 
they  are  protected  bj  ashnwlar  wnpfter,  and  frequently  the  underclothing  \t 
not  removed. 

P^sifhn  <?/  M(f  PatUni. — The  patient  should  be  seated  on  an  or- 
dinary stool,  with  his  face  toward  the  instrument,  and  his  feet  on  the 
iheet  of  copper  to  which  the  negative  pole  is  attached  Any  chair  thai 
has  a  back  or  nrms  will  somewhat  interfere  with  the  maniptilattons  of 
the  operator. 

Those  patients  who^  through  paralysis  or  debility,  are  unable  to  s« 
up  at  all,  can  receive  the  treatment  while  lying  in  bed  or  on  a  loung«. 
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In  such  cus€s  the  sheet  of  copper  may  be  placed  upright  against  a 
f>iIlow,  and  the  feet  of  the  patient  pressed  against  it,  or  an  electrode 
may  be  placed  at  (he  coccyx.  Assistance  will  then  be  required  to  lurn 
the  patient  when  the  apphcation  is  made  to  die  back  and  spine,  but  ia 
such  cases  partial  applications  are  frequently  all  that  are  required- 
Infants  and  very  fumble  or  very  timid  children  should  be  held  in  the 
lap  of  the  mother  or  nurse,  while  an  assistant  holds  the  sponge  to  the 
coccyx. 

While  the  application  is  being  made  to  the  lower  limbs  it  is  well  for 
the  patient  to  stan<l,  in  order  that  tiie  operator  may  have  access  to  the 
gluteal  regions  and  the  posterior  and  anterior  surface  of  the  thigh. 

Position  of  the  Operator,— making  applications  lo  the  trunk^ 
the  operator  may  either  stand  or  sit  by  the  side  of  the  patient,  conve- 
niently near  to  the  table*  on  which  are  placed  the  apparatus,  electrodes, 
sponges,  bowl  of  water,  and  other  appliances  that  may  be  called  for 
during  the  application, 

While  operating  on  patients  taller  than  himself  the  operator  will  find 
it  easier  to  stand*  esi>ecially  while  treating  tlie  head  and  up])er  portion 
of  the  trunk.  While  treating  short  patients  the  operator  will  find  it 
less  fatiguing  to  sit  in  a  chair.  Most  operators  wiU  find  it  very  conve- 
nient to  change  their  position  from  a  sitting  to  a  standing  posture,  or 
from  one  side  of  the  patient  to  the  other,  while  making  the  applicationf 
to  the  various  parts  of  the  trunk- 

Minor  Apparatus, —  Electrodes,  sponges,  and  copper  plate. 

The  best  electrode  for  the  pole  that  is  applied  over  the  patient  \s  a 
brass  ball  of  about  one  indi  in  dtameter. 

Around  this  brass  ball  should  be  loosely  folded  a  soft  wet  sponge, 
of  about  six  inches  in  diameter.  This  is  found,  by  experience,  to  be 
by  far  the  inost  convenient  form  of  artificial  electrode  that  can  be 
devised.  Next  lo  the  moistened  hand  of  the  operator  it  is  the  most 
agreeable  to  the  patient  of  any  shape  or  quality  of  electrode.  The 
sponge  can  be  pressed  or  folded  over  the  brass  ball  so  as  to  make  a 
comparatively  small  electrode,  or  its  entire  surface  may  be  applied. 

When  the  operator  allows  the  current  to  pass  through  his  own 
person,  and  uses  his  hand  as  an  electrode,  holding  the  sponge  and  ball 
in  his  other  hand,  he  can  modify  the  application  to  any  degree  of 
strength  or  mildness  that  he  may  desire,  by  simply  increasing  or  di- 
minishing the  pressure  of  his  hand  or  fingers  on  the  sponge.  Used  in 
this  way  the  sponge  holding  the  water  acts  Uke  a  hydro-rheoslat  (see 
p.  319).  When  it  is  necessary  that  the  applicat'on  should  be  particularl> 
gentle  and  cautious,  it  is  well  to  rest  I  e  ball  and  sponge  on  the  tabl^ 
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Tta,  ^3. 

GCNKRAL  Fakadi£AT107I— «pplica|ion  to  the  spine.  The  htnd  of  iHe  opcratof 
If  on  the  meullic  tvb«,  fn  *  posilkn  to  IncreAse  or  diminish  tbe  current  m  nuty  be 


and  to  begin  the  treatment  by  first  pressing  one  hand  firmly  over  the 
part  desired  10  be  affected,  and  with  the  other  lightly  and  delicately 
touching  the  sponge,  at  first  with  one  finger,  ihen  with  two,  three,  and 
four  successively,  and  finally  with  the  whole  hand,  thus  giving  a  very 
gradually  inerfasing  turretit.  Raines*  electrode,  which  is  a  sponge 
covered  at  the  back  with  rubber,  is  very  convenient  for  general  farftp 
dilation. 

h  pit££  of  topper  plate  is  recommended  for  the  negative  electroda^ 
because  it  is  found  b}  experience  to        on  the  whole,  more  conve 
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nient  tlian  any  other  arrangement  that  has  yet  been  suggested.  The 
bowls  of  warm  water,  large  sponges,  e(c.»  that  have  been  suggested, 
are  not  on\y  much  less  cleanly  and  convenient  than  the  copper  pEate, 
but  are  also  much  poorer  conductors.  Metallic  slippers  are  more 
troublesome  lhan  the  broad  plate,  though  their  appearance,  perhaps, 
is  tnore  ornamental.  It  needs  more  care  to  put  on  the  slippers,  and 
if  the  patient  loses  his  self-con  tro!  during  any  stage  of  the  application^ 
and  throws  up  his  feet,  it  is  something  of  a  task  to  find  tlie  slippers 
again  and  accurately  adjust  them. 

In  the  use  of  the  copper  plate  these  details  must  not  be  forgotten  : 
J^trstf  to  keep  it  well  warmed,  in  cold  weather,  by  a  piece  of  heated 
soap-stone  beneath  it;  secondly^  to  keep  it  slightly  moistened  with 
warm  water,  in  order  to  improve  the  connection. 

If  only  one  foot  is  applied  to  the  copper  plate,  the  pain  in  the  ankle, 
during  certain  stages  of  strong  applications,  will  be  unendurable.  In 
mild  applications  it  is  sulBcient  to  have  one  foot  on  the  plate.  It  is 
necessary  ever  to  bear  in  mind  the  nile^  that  the  pain  of  electrical 
applications,  other  conditions  being  equal,  is  in  inverse  proportion  to 
the  surface  of  the  electrode.  The  larger  the  surface  of  the  electrode — 
whether  positive  or  negative — the  less  the  pain.  In  this  fact  consists 
the  advantage  of  using  large  sponges. 

In  general  faradization  the  pain  at  tlie  negative  pole  is  chiefiy  felt  at 
the  ankles,  and  somewhat  at  the  toes,  but  not  on  the  bottom  of  the 
feet.  The  feeling  of  constriction  in  tlie  ankles  is  caused  by  the  rapid 
and  violent  contractions  of  the  muscles.  If  only  one  foot  is  applied  to 
the  plate  the  entire  force  of  the  current  mustj  of  course,  be  borne  by 
that  foot,  and  furthermore,  the  other  Umb  will  receive  no  direct  benefit 
from  the  treatment 

The  trouble  of  removing  the  shoes  and  stockings  maybe  obviated  by 
placing  a  large  sponge  connected  with  the  negative  pole  at  the  coccyx, 
or  on  the  thighs. 

Facility^  skilly  and  readings  in  use  of  the  vart&us  methods  of  modi- 
fying  the  strength  and  quality  of  the  current  is  one  very  important  secret 
of  sueciss  in  the  use  of  general  faradisation.  A  skilful  operator  will 
cause  less  discomfort  with  a  strong  current  than  one  who  is  awkward 
uhU  cause  with  a  very  weak  current. 

Details  of  the  Applications  to  the  Different  Parts  of  the  Body.~K% 
the  various  parts  and  organs  of  the  body  differ  very  widely  in  their  sus- 
ceptibility to  faradization,  and  in  the  effects  which  they  receive  from  it, 
it  becomes  necessary  to  explain  the  modus  operandi  of  the  appUcationf 
with  considerable  fulness  of  detaiL 


APPLICATION  TO  HEAD  AXD  NECK. 


353 


AppHcaiims  to  tkt  H^nd. — The  head,  especially  tlie  forehead,  is,  by 
far,  n^ore  sensitive  to  the  electric  currents  than  any  otiier  portion  of  the 
surface  of  the  body.  The  tivo  reasons  for  this  arc  sufficiently  obvious. 
The  surfaces  of  hones  are  always  sensitive  to  the  faradic  current,  as  io 
any  other  mechanical  influence  ;  and  the  cranium  is  no  exception  to 
this  law.  Then,  again,  the  fifth  pair  is  an  exceedingly  sensitive  nerve 
m  all  its  ramitications,  and  esL>ecially  over  the  forehead. 

There  are  many  cases  chat  do  not  bear  even  mild  applications  to  the 
front  and  top  of  the  heatl,  and  who  seem  to  be  injured  rather  tlian 
benefited  by  it.    With  others,  the  elTecls  are  highly  agreeable. 

In  treating  the  forehead  the  operator  should  tirst  press  hts  moistened 
hand  firmly  over  ihe  head,  and  then  making  the  connection  with  his 
other  hand  on  the  sponge  and  brass  ball  of  the  positive  pole,  should 
allow  the  current  to  pass  steadily,  without  interruption,  for  one  or  two 
minutes.  In  Kidder's  faradic  apparatus,  A  B  ts  the  best  current  for 
the  forehead.  The  use  of  the  hand  as  an  electrode  is  particularly  de- 
sirable in  making  apphcations  to  the  forehead, 

Afoistenin^  the  Hair, — The  dry  hair  is  a  n on  conductor,  and  there- 
fore it  is  always  necessary  to  W€t  it  frefly  btfor€  fhcirhing  any  portion 
of  the  head  that  is  covered  by  it.  It  is  not  usually  desirable  to  com- 
pel lady  patients  lo  pull  down  their  hair,  or  to  thoroughly  moisten  it. 
A  very  important  centre  for  affecting  the  brain  is  the  crown  of  the  head, 
between  the  ears,  over  the  so-called  or^an  of  firmness, — the  cranial  cen- 
tre. If  the  hair  ai  this  point  be  sufficiently  moistened  to  admit  the  pas- 
sage of  a  mild  current  with  any  convenient  form  of  electrode^  a  peculiar 
and  sUghtly  painful  sensation  is  experienced. 

In  soine  c3(cepticnal  cases  of  ciisease  the  head  will  bear  currents  of 
considerable  strength*  The  back  of  the  head  over  the  cerebellum  will 
wswally  bear  quite  strong  applications.  The  current  is  felt  through  the 
ramifications  of  the  occipital  nerves,  giving  rise  oftentimes  to  sensa- 
tions not  only  painless,  but  absolutely  agreeable. 

Applications  io  the  Neck  and  Throat. — ^The  back  part  of  the  head 
and  up|>er  portion  of  the  spine  will  usually  bear  powerful  applications. 
It  is  an  interesting  and  important  fact  that  very  marked  effects  may  be 
produecd  by  general  faradimtioti^  even  when  the  appUeatiQUS  arc  made 
only  to  the  hack  and  sides  of  ihe  neck. 

The  reason  for  this  will  be  clear  when  we  come  to  study  the  electro- 
therapeutkal  anatomy  of  the  parts.  From  the  upper  portion  of  the 
spine  and  base  of  the  brain  proceed  the  most  important  and  most  aen- 
sitiVe  nerves  of  the  body — the  pneumogastiiCr  and  the  brachial  plexub, 
and  the  phrenic  nerves, 
33 
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Furlhermorc,  ihe  sympalhetic  or  ganglionic  system  runs  close  by  the 
si»ine,  near  to  the  carotid  artery,  and  may  be  reached  and  affected  dec- 
Irically  by  pressing  firmly  with  the  fingers,  by  the  anterior  border  of 
the  sterno-cleido-mastoid  muscle,  at  those  points  where  the  pressure  oi 
Che  carotid  is  most  readity  felt. 


GCNERM.  Galvano*FaRADIZATIO». — Application  to  th«  «pmc  by  n  sponge  boldrr, 
A  double  electrode  w  used,  one  part  of  which  is  connetled  with  the  galvanic  ukI 
Ihft  other  with  ihe  faradic  apparatus.  The  copper  plate  is  al^  connected  wita 
both  curreitta.  Galvano-fitradiialion  ivc  do  not  now  em  pi  of,  but  ihecucillos' 
tTftte&  perfectly  one  of  the  steps  in  general  rnradintion. 

If  th^  sponge  be  pressed  firmly  on  the  ciUo-spinaJ  centre,  over  the 
■jsUi  ajid  ihc  seventh  cervical  vertebrae,  and  moved  slightly  on  eithci 
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Me  of  the  spine,  while  a  powerful  current  is  passing,  the  electric  influ- 
ence may  be  pcr^fpttbly  camnuinicated,  not  only  to  the  spine  but 
also  to  the  laryijx  through  the  laryngeal  nerves;  to  the  stoniach 
through  ihe  piieinnQgastric  ;  lo  the  lungs  through  the  phrenic;  lo  tjplh 
arms  anil  hands  through  the  brachial  plexuses  and  their  branches—/* 
shorty  (0  the  most  important  tterves  and  organs  0/  fht  body.  The  sym- 
pathetic is  also  directly  aftected  at  this  point. 

There  is  no  other  single  place  on  the  surface  of  the  body  where  the 
electrical  inflnence  can  be  communicatee!  to  so  n^any  linportant  nerve* 
at  the  ciliO'Spinal  centre.  In  order,  however,  to  aftect  all  these 
nerves  and  organs  above  mentioQed  by  faradization  it  is  necessary  to 
use  a  powerful  current,  and  to  press  the  sponge  very  firmly  against  the 
skin. 

In  very  fleshy  patients  it  is  sometimes  quite  difficult  to  afTect  the 
brachial  plexuses  and  their  branches  in  the  amis  and  hands  without 
using  a  stronger  cnrrcnt  than  can  well  be  borne  through  the  feet  and 
inkles  at  the  negative  pole.  This  application,  so  far  from  being  patn- 
Uil,  is  to  many  positively  agreeable.  The  thrtU  which  it  connnunicales 
to  the  nerves  and  vital  organs  is  often  so  delightful  that  the  patient  rc- 
qiiests  to  have  the  application  prolonged.  In  patients  who  can  bear  it, 
Uiis  application  at  the  cilio-spinal  centre  ma)'  be  varied  by  suddenly 
interrupting  the  current. 

This  application  \%  a  very  important  factor  in  general  faradization,  and 
will  achieve  decided  tonic  effects  on  the  system,  even  when  no  other 
portion  of  the  body  is  touched  by  the  current.  The  immediate  senaau 
lions  which  it  produces,  however,  arc  by  no  means  uniforni*  Some  pft* 
ticnts,  through  the  irritation  of  the  laryngeal  nerves,  cough  spasmodi- 
cftUy,  and  even  violently,  under  the  excitation  even  of  a  comparatively 
mild  current ;  with  others,  even  the  most  powerful  currents,  and  the 
(irmest  possible  pressure  of  the  sj>onge,  fail  to  produce  any  siich  effect. 
In  ncrvou*!  and  sensitive  patients  this  application  often  causes  a  peculr 
iar  and  decided  scr;sation  in  the  stomach,  through  the  pneumogastnc 
nerve  ;  the  strong  and  vigorous  rarely  experience  any  such  sensation, 
even  imdcr  ctirrunts  of  great  power. 

Another  important  locality  in  the  electro-therapeutical  anatomy  of 
the  neck  is  in  the  posterior  triangle,  jubt  by  the  posterior  border  of  the 
siernodddo-niastoid  muscle.  If  the  hngcrs  of  the  opeiator,  with  a 
current  of  ::onsiderable  strength,  or  the  sponge  with  a  current  compara- 
tively mildf  be  pressed  firmly  on  this  space  until  the  posterior  border 
of  the  scalenus  anticus  is  reached,  the  patient  will  at  once  experience  a 
un^img  or  pricking  sensation  in  the  arm  and  hand  on  that  side^  caused 
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by  the  excitation  of  (lie  bracliu^l  plexus,  acid  in  some  cases  a  thrlii  if 
coiniminicated  by  means  of  the  jineumogastric  lo  the  stomach,  and  bj 
the  phrenic  nerve  to  the  diaphragm* 

Appikatwns  to  th€  Upper  Extrtmiilis. — It  is  not  always  necessarj 
to  go  to  the  trouble  of  faradi/ing  the  extremities,  but  in  many  cases  il 
is  a  decided  advantage  to  do  &o.  In  faradisation  over  the  extremities, 
the  sponge,  or  the  hand  of  the  operator,  should  be  passed  thorough!)* 
over  the  surface  of  the  hands  and  arms,  and  with  sufficient  force  to  pro- 
duce agreeable  contractions  of  all  the  superficial  muscles.  Except  in 
infants  and  coqjiilent  females,  contractions  of  the  superiiciat  musdes 
of  the  ami  are  obtained  with  a  mild  current, 

Applicatwns  to  tht  Spine, — Stronger  currents  of  electricity  may  be 
home  over  the  middle  of  the  spine  than  perhaps  over  any  other  portion 
of  the  body.  There  are  no  very  sensitive  peripheral  nerves  in  the  back, 
and  the  sf>inal  cord  is  so  thoroughly  protected  by  its  bony  covering  that 
the  currents  are  never  felt  in  it  painfully,  exce[Jt  when  tt  is  greatly  ex- 
hausted or  organically  diseased.  The  nerves  that  issue  from  the  spinal 
cord  are  more  or  less  affected  by  powerful  applications  to  the  back,  and 
through  them  the  various  parts  and  organs  which  they  supply  are  con 
siderably  influenced, 

The  best  method  of  electrizing  the  back  is  to  pass  the  sponge  dowD 
its  entire  length  beneath  the  under-clothing,  in  case  it  is  not  removed, 
from  the  fir&t  cervical  vertebra  to  the  cauda  equina^  carefully  avoiding 
ihc  prominences  of  the  scapula  and  the  ossa  innominata.  Below  the 
inferior  angle  of  the  scapula  the  sponge  may  be  moved  from  side  to  side 
over  the  region  of  the  kidneys,  liver,  and  spleen. 

If  a  strong  current  be  applied  over  the  lower  portion  of  the  spine, 
between  the  upper  borders  of  the  ossa  innominata,  a  sSight  sensation  is 
Bometimes,  though  by  no  means  (vnifomily,  communicated  to  the  rectum 
and  the  male  gerxital  api>aratiJSj  the  penis  and  the  testicles,  Llirough 
their  spinal  nerve  supply. 

In  view  of  these  considerations  it  is  manifest  that  in  the  emphyment 
tf/"  general  farad  tzaihrt  particular  attention  should  be  given  to  the  spine, 
n>en  at  the  expense  of  ncti^ectin^  other  portions  of  the  body. 

That  the  lungs  and  heart  are  less  influenced  by  electrization  than  other 
unportant  organs,  is  chiefly  accoutited  for  by  the  anatomical  structure  of 
the  chest  11ie  ribs,  with  the  intercostal  muscles  anil  ligaments,  form 
an  unyielding  walk  Furthermore,  the  pleura  and  pericardium  are  not 
closely  adherent  to  the  inner  wall  of  the  chest,  but  lie  loosely  over  the 
hings  and  heart.  These  organs,  therefore,  arc  best  affected  electricall 
by  applicaticns  above  the  sternum,  around  Che  neck,  and  over  tiie  up 
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half  of  the  spine,  whence  the  nerve-supply  of  the  viscera  proceeds,  and 
by  direct  ckctmaiiL^a  of  Uie  vagus  in  the  neck. 

Applications  over  the  chest  arc,  however,  of  positive  and  peraianent 
servicCf  by  developing  the  thoracic  and  intercostal  muscles,  a.nd  for  this 
reason,  if  for  no  oihcT,  ihey  should  not  be  neglected*  But  it  should  not 
be  forgotten  that  the  surfaces  of  the  ribs,  like  the  surfaces  of  all  other 
bones,  are  sensitive  to  electrization,  and  that  therefore  the  chest  will 
not  bear  as  severe  apjjUcations  as  ihe  spine,  neck,  or  abdominal  re- 
gions. This  sensitiveness  is»  of  course,  more  in  the  thin  and  nervous 
than  in  the  corpulent  and  phlegmatic.  It  is  usually  most  marked  on 
the  inferior  ribs  m  ihe  right  and  Ufi  side  of  the  body,  over  the  liver 
and  spleen.  The  peculiar  sensiliveness  of  the  ribs  at  these  points  if 
someticiies  erroneously  supposed  to  indicate  disease  of  the  organs  be- 
"icath  them. 

We  have  stated  above  that  the  anatomical  structure  of  the  chest  ren- 
dered it  difficult  to  send  the  electric  current  through  its  anterior  walls 
to  the  lungs  and  heart.  In  the  abdominal  regions  the  anatomical 
structure  is  directly  reversed,  and  instead  of  an  nnyiclding  wall,  partly 
coniposed  of  bones  and  ligaments^  we  ha^'e  a  Hacctd  skin  lying  loosely 
!kgainst  the  pentonseiun  that  cavers  the  moist  viscera  beneath*  No 
other  organs  of  the  body  contain  so  large  a  percentage  of  water  as  those 
which  are  situated  In  the  cavity  of  the  abdomen.  It  is  obvious,  there- 
fore, that  when  the  resistance  of  the  epidermis  is  overcome  by  the  mois- 
ture of  the  sponge  or  hand,  and  ihe  peritonieum  and  viscera  are  brought 
into  coaptation,  the  current  must  directly  traverse  all  the  parts  desired 
to  be  affected. 

To  reach  the  stomach  and  solar  plexus,  place  the  sponge  or  palm  of 
the  hand  below  and  under  the  sternum,  and  as  far  back  as  possible. 
This  pressure  brings  the  peritonreum  and  stomach  into  coaptation,  and 
forces  the  current  to  pass  thrmigh  them.  If  ihe  under-clothing  be 
fiimply  slipped  up  without  being  entirely  removed,  the  stomach  aod  ab- 
domen ^can  be  readily  treated* 

The  bowels  may  be  tTea?ed  cither  with  the  labile  or  the  stable  c^xx- 
rent,  and,  in  cases  of  obstinate  constipation^  by  sudden  interruptions  or 
shocks. 

Corpulent  and  pursy  patients  usually  bear  much  stronger  currents 
over  the  abdomen  that^  the  thin  and  emaciated.  Adipose  tissue  is 
comparatively  a  poor  conductor  of  electricity,  and  it  is  difficult  to  affect 
the  bowels  of  the  very  corpulent  through  the  abdominal  walls  by  elec- 
trisation, unless  yfc  employ  firm  pressure  and  currents  of  considerable 
strength.    But  in  the  vast  majority  of  cases  ctirrents  of  moderat* 
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strength,  applied  lightly  over  ilie  surface  of  the  abdwren,  wiU  readM 
produce  contriictions  of  the  abtloniinal  muscles,  and,  if  pressure  he  em 
ployed^  the  intestines  and  all  the  organs  of  the  ahrlotnma,!  cavilv  arc  di 
rectly  traversed  by  the  current- 
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ApplUaiicns  to  the  Female  Genitals. ^Y>\t^cX  applications  to  the 
vagina  or  uterus  are  rarely  called  for  in  general  faradization. 

Applications  to  the  Lower  Extremities, —  Unless  there  is  weakness 
or  paralysis  of  the  lower  limbs  we  do  not  always  apply  the  current 
directly  to  them,  because,  when  the  copper  plate  is  at  the  feei^  the 
muscles  below  the  knee  are  more  or  less  exercised  during  the  whole 
treatment. 

Before  proceeding  to  make  the  applications  to  the  lower  extremities, 
*he  patient  should  be  required  to  stand  up,  stilt  keeping  the  feet  on  the 
copper  plate,  Male  patients  who,  during  the  earlier  stages  of  the 
operation,  have  entirely  removed  their  clothing  from  the  trunk,  5bo(iU' 
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be  allowed  to  again  put  ii  on,  both  in  order  to  avoid  unnecesiary  ex- 
j>05«re  auf!  to  piotect  thein  from  the  cold. 

With  female  patients  ihe  appUcationa  to  ihe  lower  Limbs,  except  in 
cases  of  paralysis*  can  be  made  under  the  clothings  tf  the  drawers  b« 
slipped  down,  without  exposure. 


Gcoaal  Fjuradlution. — Appticaticm  to  the  Lower  Extremities^ 


7*he  operator,  sitting  by  the  side  of  the  patient,  on  a  low  stool  ir 
Ottoman,  should  then  pass  the  sponge  or  the  hand  lightly  down  the 
entire  surface  of  both  limbs,  from  the  thighs  to  the  feet,  avoiding,  so 
far  as  possible,  Che  prominences  of  the  bones  at  the  hip.  knee,  and 
ankles. 

The  outer  portion  of  the  thigh,  like  the  back,  is  very  little  sensitive 
to  the  electric  current,  because  its  surface  is  not  supplied  by  very  sen* 
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sitive  nerves.  The  inner  side  of  the  thigh,  on  the  contrary,  is  suppliec 
by  branches  from  the  sensitive  anterior  crural  nerve,  and  in  nervous 
persons  especially  is  very  susceptible  to  electrisation.  In  passing  (h« 
sponge  or  the  hand  down  the  lower  Umbs  great  pains  should  be  taken 
to  carefully  gradtiate  the  current  according  to  the  sendtiveness  of  each 
locahty*  This  preciiutiou  is  more  necessary  in  treating  the  lower  limbs 
than  the  upper,  because  the  contrasts  in  the  normal  sensitiveness  of  the 
difi^ercnt  parts  of  the  lower  limbs  are  much  greater  thaa  in  the  armSf 
and  because  any  severe  shocks  suddenly  felt  in  tlie  ]egs  sometimes  Chron 
patients  off  llieir  feet. 

In  cases  not  €cmplkaUd  with  paraiyHs^  toniractions  &/  the  superficial 
muscles  of  iht  htcer  limhs^  as  of  the  upper  iiml^s^  ^an  be  produced  by 
comparatively  feeble  and  painless  currents. 

Special  Rules  to  be  Observed  in  the  Employment  of  General  F*trm' 
dization.^lw  the  employment  of  general  faradization  there  are  certain 
special  suggestions,  on  the  observance  of  which  the  results  of  the  appli- 
cations will  vtry  materially  dei>end, 

1.  The  Strength  of  the  Current  and  Leti^th  of  the  Application. — It 
is  better  that  the  first  tentative  applications  should  always  be  made  with 
a  gentle  current,  and,  if  the  patient  be  particularly  sensitive,  it  is  an  ad- 
vantage to  use  the  hand  of  the  operator  instead  of  an  artificial  electrode. 
After  the  patient  has  become  somewhat  accustomed  to  the  treatmenc, 
the  general  ride  should  be  to  make  the  apj^lications  pleasantly  painful. 

Patients  who  have  long  btfu  accustomed  to  Lhetreatraenl — who  have 
become,  in  a  certain  «ense,  insensible  to  the  strength  of  current  ordi- 
narily used — may  frequently  be  benefited  by  very  powerful  currents. 

Usually,  but  not  mvariablyt  we  may  be  guided  by  the  sensations  of 
the  patient ;  but  exceptions  to  this  rule  are  sometimes  very  striking, 
and  should  put  us  on  our  guard.  Some  who  feel  no  pain  during  Lhc 
applications  may  on  the  day  following  experience  the  most  disagreeable 
reactive  effects.    (See  p.  ^48.) 

2.  Thoroughness  of  the  Applications, — General  faradisation  does  not 
reqtiire  that  all  portions  of  the  surface  of  the  body  should  be  touched 
by  the  electrode  at  every  sitting.  In  nervous  and  susceptible  patientt 
we  can  approach  the  full  measure  of  tlie  treatment  only  by  slow  degree*, 
It  is  oftentimes  sufficient  to  make  the  first  application  only  around  thf 
neck^  shoulders,  and  on  the  upper  portion  of  the  spine. 

//  is  not  always  necessary  to  make  the  applications  to  all  portions  of 
the  surface  of  the  body^  even  in  a  prolonged  course  cf  treatment.  The  gen- 
erat  tonic  effects  of  this  system  of  treatment  can  undoubtedly  be  aekietea 
wiiimtt  touching  either  thi  upper  or  lower  extremities*    But^  on  i/u 
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$thtr  hand,  it  is  Just  as  undouhttdly  trtu  titat  the  muscular  developmem 
that  rtstiUs  fr&m  hng-continued  electrization  of  the  arms  and  tegs  reacts 
favorMy  on  the  wMe  system-  and  maieriaily  aids  the  treaiment. 

Tlie  neck  and  spine  should  be  treated  in  all  rases^  except  during  the 
fine  and  tentative  applications,  or  in  patients  of  very  unusual  suscepti- 
bility. During  menstruation  it  is  usually  better  avoid  the  ahd&men 
and  lower  part  of  the  spine^  or  to  suspend  the  treatment  altogether^ 
except  in  those  cases  cohere  it  is  desired  to  tncreitse  the  menstrual Jlow. 

Length  of  (he  Applications. — -The  duration  of  the  sittings  »tay  range 
^etiifeen  five  and  twenty-five  minutes,  being  modified  by  the  nature  of 
the  constitution,  the  strength  of  the  current  employed,  the  stage  of  the 
treatmcutj  and  thtj  results  of  the  [)revioiis  applications. 

The  smallest  fraction  of  this  time  should  be  devoted  to  the  head^  the 
largest  to  the  spine ;  next  to  the  spine  the  abdomen  should  receive  the 
largest  share  of  attention^ 

I.  An  average  application  of  say  15  niinutes  naay  be  thus  appor- 
cioned : 


To  the  bend   1  minute, 

neck,  sympathetic  And  ctc^cftl  fcpioe.   4  mmutes. 

back  ,   3  " 

**     abdomen. ^   3  " 

**     upper  and  lower  extremities. ..    4  ** 


As  compared  with  the  time  required  m  localized  faradization  and  cen- 
tral galvanization,  general  faradization  has  not  fh£  great  disadvantage 
that  has  been  supposed.  Nearly  all  the  ordinary  peripheral  applications 
of  electricit)'  for  paralysis  require  as  much  time  as  general  faradiiation. 

Frequency  of  the  Applications. ~~^\\.^  applications  of  general  faradi- 
zation may  be  repeated  daily^  every  other  day,  once  or  twice  a  week,  or 
by  stilt  longer  intervals.  Every  other  day  is  about  as  often  as  is  neces- 
sary to  secure  the  full  tonic  results  of  the  treatment;  but  patients  who 
are  so  situated  that  they  can  take  the  treatment  but  a  short  time  ma^ 
receive  an  application  daily,  provided  they  are  not  in  a  condition  of  un- 
usual debility,  or  are  not  more  than  ordinarily  susceptible  to  the  current 
For  the  very  nervous  and  susceptible,  and  especially  for  those  who  com- 
plain of  the  secondary  or  reactive  effects,  it  is  often  necessary  to  give 
intervals  of  several  days^  at  least  until  the  permanent  tonic  effects  begio 
to  be  developed  (see  p.  220). 

Persistence  in  the  Treatment. — For  the  majority  of  cases,  the  treat- 
<iient  by  general  faradization,  in  order  to  secure  its  full  results,  must  be 
persistent.    The  reasons  why  this  perseverance  is  demanded  are  quit* 
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obvious.  Ir.  the  firsi  ]>lace,  most  of  the  diseases  and  morbid  condilions 
for  which  general  faradization  is  indicated  are  exceedingly  chronic  ic 
their  character.  It  is  nec-^ssary  ever  to  keep  in  mind  the  emphatic 
words  of  the  great  TroLisseaUf  "  Chronic  diseases  demand  chronic  treat* 
nnent/'  whatever  may  l>e  the  method  employed. 

Si^Ofuiiy^  Tonic  rt medics  of  all  kinds  e^^tcmal  and  intemaE,  are  al- 
ways more  jt  less  slow  m  their  action. 

Wliile  ^Teat  and  beneficial  effects  are  often  derived  from  two  or  three 
applications,  a  com[)lete  or  approximate  cure  of  long-standing  morbid 
conditions,  such  as  d)£t>epsia,  hypochondriasis,  nervous  exliaustioD» 
hysteria,  paralysis,  can  only  be  achieved  by  persistent  treatment,  vary- 
ing the  strength  of  the  current  and  frequency  of  the  applications  ac 
cording  to  the  progress  which  is  made. 

The  length  of  lime  over  which  the  treatment  should  be  exieaded  may 
range  from  one  week  to  several  months,  with  lotiger  or  shorter  Intervals, 
according  to  circumstances. 

Comparing  the  history  of  aU  our  cases,  we  find  that  the  average  num- 
ber of  applications  administered  to  each  successful  case  is  about  15— J5» 
and  the  length  of  time  over  which  the  treatment  was  extended  4-^! 
weeks. 

T/ie  Use  &J  the  moiitcntd  Hand  as  an  EUctrodt  to  the  Head  and  Stn- 
siiive  Paris. — The  advantages  which  the  moistened  hand  sometimes 
possesses  over  the  sponge  in  general  faradization  are  the  fol  towing  : 

I.  In  certain  cases  it  is  trn^n  agreeahU  to  the  patient  It  is  but  a 
truism  to  assert  that  no  fortu  of  electrode  that  human  skill  shall  ever 
devise  can  ever  compare  with  the  hand  in  HexibiUty  and  power  of  adap- 
tation. Its  shape,  its  liexibility,  the  number  and  arrangement  of  the 
fingers*  and  the  vast  at^d  deUcate  combinations  of  movement  of  which 
they  are  so  readily  capable^all  these  familiar  and  wonderful  character- 
istics of  the  hand,  united  to  the  peculiar  softness  of  the  skin,  aud  the 
lightness  with  which  it  can  touch,  or  press,  or  handle,  render  it  superior 
for  the  nicer  processes  of  general  faradization  to  any  ariiftc'ial  arrange- 
ments of  which  (he  genius  of  man  could  conceive. 

For  applications  to  the  head  and  sides  of  the  neck»  the  brachial  plex- 
as,  and  pit  of  the  stomach,  the  use  of  tlie  hand  electrode  is  a  very 
great  convenience  ^  and  we  sometimes  meet  with  patients  who  are  so 
sensitive  and  so  fcn-rful  that  they  will  not  endure  even  the  softest  s|K)nge 
on  ariy  portion  of  the  body,  or  at  any  stage  of  the  treatment.  '  To  ap 
ply  a  mild  faradic  current  to  the  forehead  and  crown  of  the  head,  with 
the  softest  sponge  and  largest  possible  surface,  is  at  best  an  tinpieasant 
proness  for  a  strong  man  in  perfect  healtli,  and  for  the  delicate  iavalld 
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I  unendurable  ;  but  when  the  hand  of  the  operator  is  made  an 
eltctrode,  the  operation  of  faradbmg  the  most  senbitive  portions  of  th< 
head  tnay  be  n^ade  not  only  tolerable^  but  i>ositively  agreeable.  Except 
incases  of  severe  local  di^ase  or  unusual  debility,  the  sponge  can  be 
borne  down  the  spint?,  over  the  abdomen  and  extrenuties,  and  dowp  th« 
lower  extremities  without  great  difficulty. 

2.  //  ke^fs  the  operator  emtinualiy  informed  of  ike  strength  sf  tht 
turrent^  ami  thus  enabies  him  t&  catefuily  graduate  it^  ace^rding  ta  thi 
sensitiveness  of  each  heality. 

As  the  current  passes  through  his  own  person,  the  operator  can  judge 
by  his  own  sensations  whetlier  it  is  too  strong  or  too  weak»  axid  by  in- 
creasing or  diminishing  the  grasp  of  his  other  hand  on  the  sponge,  can 
modify  the  strength  of  the  application  without  disturbing  his  apparatus^ 
The  wet  sponge  on  which  he  presses  with  the  other  hand,  acts,  as  we 
have  seen,  like  a  hydro-rheostat. 

The  use  of  :he  hand  as  an  electrode  enables  the  operator  to  instantly 
inodify  the  applications  in  any  of  the, various  degrees  of  weakness  and 
strength,  and  also  to  suspend  the  passage  of  the  current  instantaneously 
without  shock  or  violence.  When  the  sponge  (s  used  we  must  continually 
question  ihu  patient,  or  watch  his  expression  and  movements,  in  order  to 
judge  whether  the  current  is  of  proper  strengtlu 

That  most,  if  not  all,  of  the  tonic  effects  of  general  faradisation  can 
be  obtained  in  perhaps  the  majority  of  patients  by  the  use  of  the 
sponge,  there  can,  we  think,  be  no  question  ;  but  the  use  of  the  hand 
of  the  operator,  according  to  the  principles  above  indicated,  enables  tia 
to  achieve  these  results^  and  with  less  discomfort  to  the  patient,  in  those 
peculiarly  sensitive  cases  where  the  artificial  electrode  could  not  be 
borne  at  alU  Very  many  of  our  patients  we  treat  only  with  artificial 
electrodes. 

T&  sum  upy  in  a  UH>rd,  it  is  a  epm*emen€e  and  oftentimes  a  positive 
assistartee  for  the  operator  to  be  able  and  willing  to  use  his  hand  in  ap- 
piieatitms  t&  sertstiive  parts  and  tienmis patients^  hut  for  ihi  majority  of 
eases  it  i>  stjffieietif  te  me  a  large  soft  sponge. 

Effects  of  the  Current  on  the  Operator. — The  tjuestion  now  arises^ 
\V^at  effect  must  the  operator  experience  from  the  repeated  passage  of 
tl;c  electric  currents  through  his  own  person? 

It  should  be  understood^  at  the  outset,  that  the  current  does  not 
directly  affect  the  whole  person  of  the  operator,  nor  indeed  any  of  the 
prominent  organs,  and  that  only  the  faradic  current  is  used  In  this  way. 
llie  current  passes  from  hand  to  hand,  through  the  arras  and  shotildcr»| 
atid  does  not  reach  or  directly  influence  the  br&i 
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of  the  chest  or  of  the  abdomen.    The  effects  of  thua  using  the  currenl 
on  the  nutrition  of  the  muscles  of  the  arm  have  already  been  consider 
(sec  ElectrO'Physiologj',  p.  194). 

Those  physicians  whose  temperaments  do  not  tolerate  electricilyi 
would  do  well  to  avoid  passing  the  current  through  their  own  per 
sons  in  this  way.  Those,  however^  and  they  constitute  the  ma- 
jority, who  are  more  or  less  benefited  by  the  use  of  electricity,  in  this 
way,  need  never  fear  any  evlE  effects.  If  they  treat  a  very  large  nam* 
ber  of  patients  a  day  by  general  faradization}  using  the  hand  as  an  elco 
trode  a  considerable  portion  of  the  time,  and  with  strong  currents,  tliey 
will  be  much  more  wearied  at  night  than  if  they  used  the  sponge  chicly 
or  exclusively.  This  method  of  general  faradisation  has  been  and  is 
now  used  by  hundreds  of  physicians,  and  we  have  never  heard  of  any 
serious  effects  in  any  instance.  The  few  whose  teniperaments  contrsL- 
indicate  electricity  soon  abandon  the  use  of  the  hand  as  an  electrode, 
since  they  find  that  it  is  a  luxury  and  not  a  necessity.  The  majority  ejt- 
perience  either  negative  or  beneficial  effects,  and  arrive  at  that  stat< 
where  it  is  a  matter  of  indifference  whether  they  use  the  band  or 
sponge. 

Spidtil  Effects  of  General  Faradintithn. — The  general  effects  of 
electricity  on  the  system  have  already  been  considered  (p.  263).  We  have 
here  to  speak  only  of  those  that  are  pecuhar  to  or  most  marked  under 
general  faradization. 

The  effects  of  general  faradisation  may  be  subdivided  into  thru 
classes  i 

1.  Those  which  are  experienced  during  or  immediately  after  treat- 
ment.— Primary  or  stimulating  ^ffeets^ 

2.  Those  which  are  experienced  one  or  two  days  subsequent  to  the 
treatment* — Secondary  or  reactive  effects, 

3*  Those  which  remain  in  the  system  as  a  permanent  result  of  titeaC- 
naent^—Permaftett/  or  imie  effects. 

Many  patients,  perhaps  the  majority,  experience  after  eadi  shinct  a 
feeling  of  enlhenment  and  exhilaration  that  often  lasts  for  several 
hours.  With  some  this  feeling  of  exhilaralion  is  very  positive  and  de- 
cided; with  others  it  is  but  just  perceptible.  Others,  again,  experi- 
ence a  disposition  to  sleep  after  treatment,  quite  similar  to  that  which  is 
felt  after  a  bath  in  the  surf. 

Relief  of  pain  and  local  or  genial  weariness  is  a  very  freqncni  aa 
well  as  very  agreeable  temporary  effect  of  general  faradij^atiou,  and 
one  which,  more  perhaps  than  any  other,  lends  to  inspire  the  doubt 
ing  patient  with  nonfidence  in  the  ef&cacy  of  this  method  of  treat 
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ihent*  Patients  who  suffer  from  indefinable  nervous  pains  iu  the  head, 
Dack,  side,  and  stomachy  or  from  weakness  in  the  limbs,  freqjently  ap* 
pr^ciatc  relief  even  in  the  midst  of  the  application.  This  rcHcf  usually 
la&ts  for  several  hours,  and  in  some  cases  mtiy  become  permanenL 

All  die  disagreL'able  symptoms  ihat  sometimes  arise  from  an  ap- 
plicaiion,  as  htadaeke^  malithty  chtUhuss^  veriigo^  fainttttss^  and  eold 
p^rspiratwn  {sec  pp,  247-250),  like  similar  elfecis  from  injudicious  use 
of  other  tonics^  ph)'sical  exercise,  the  shower-bath,  etc,  are  not  usually 
of  any  permanency  whatever.  Indeed,  they  are  entirely  consistent  with 
permanently  good  resultq ;  but  they  are  apt  to  annoy  and  alarm  the 
patient,  and  for  tliat  reason,  if  for  no  other,  they  should  be  avoided. 

Effect  an  Tcmperatttre, — The  Umperuturt  may  be  immediately 
tuHuenced  by  general  faradization. 

Its  effect  on  the  circulation  seems  to  be  that  of  an  tquaUttr.  Fa 
tients  atflicted  with  nervous  diseases  are  apt  to  suffer  from  cold  feet  and 
hands,  and  from  creeping  chills  over  the  body.  The  equalUing,  warm- 
mg  effect  of  general  faradisation  on  such  patients  is  most  decided  and 
agreeable,  and  is  so  positively  realized,  even  in  the  midst  of  the  stance^ 
thai  neilJier  the  bare  feet  nor  the  exposed  trunk  suffer  from  the  cold, 
provided  the  air  of  the  operating-room  is  of  even  a  moderate  tempera- 
ture. 

Efficf  on  Pulse, — ^The  effects  of  general  faradization  on  the  ptilse  are 
quite  interesting  and  suggestive. 

In  a  large  number  of  cases  we  have  carefully  counted  tlie  pulse,  and 
also  observed  its  quality  just  before  and  just  after  the  treatment.  The 
results  of  some  of  these  observations  arc  presented  below ; — 
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On  account  of  the  recognized  susceptibility  of  the  pulse,  especially 
of  nervous  invalids,  to  the  influence  of  mental  impressionj  we  have 
found  it  necessary,  tn  order  to  avoid  error,  to  make  repeated  examina. 
tion$  before  and  after  the  sitting. 
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The  conclusion,  from  our  very  large  number  of  observatiofts  in  regSfid 
to  the  influence  of  general  Caradization  on  the  puUe  in  chronic  diseases^ 
is  that  of  a  correcrive. 

VVhen  the  pulse  is  high  it  depresses  it  more  or  less,  and  usually  in 
proportion  to  the  degree  of  the  exaltation  above  the  nomiaJ  standard. 
Wien  it  is  low  it  raises  it  more  or  lesst  and  usually  in  proportion  to  the 
degree  of  the  depression  below  the  normal  standard.  In  nervous  and 
excitable  patients,  the  effect  of  general  faradization  on  the  pulse  is  much 
more  marked  than  in  the  cold  and  phlegmatic.  An  application  that  ii 
much  too  strong  may  greatly  excite  the  pulse. 

Sp^eial  and  Exctptional  Effects, — The  immediate  effect  on  the  ap^ 
petite  is,  in  rare  instances,  so  niarted  that  the  patient  at  once  feels 
desire  for  food,  and  at  the  next  meal  eats  a  much  larger  quantity  and 
with  far  keener  relish  than  usuaL 

Sensitive  patients  are  now  and  then  compelled  to  evacuate  their 
bladder  or  rectum  immediately  after  or  even  in  the  midst  of  the  appli- 
cation, and  the  urinary  secretion  is  occasionally  increased.  But  all 
these  effects  of  general  faradization  on  the  functions  of  special  organs 
arc  incidental  and  occasional,  and  are  not  to  be  expected  with  any 
untfomiity  or  constancy. 

Secondary  />r  Rtactiv€  Effects,— ^'Vhe  secondary  or  reactive  effects  of 
general  faradization  are  tliosc  which  are  ex]>erienced  for  a  day  or  ttw 
foihwing  an  appikathn.  These  effects  are  probably  not  observed  in 
more  than  half  of  the  cases,  and  usually  only  at  the  outset  of  the  treat- 
ment Most  of  these  secondary  or  reactive  effects  have  already  been 
considered  {see  p,  249). 

Sareness  in  the  muscles  of  the  neckt  trunk,  and  upper  extremities  is 
unquestionably  the  most  frequent  of  the  secondary  symptoms  of  gen- 
eral faradization,  and  the  one  which  patients  are  soonest  to  observe  and 
describe.  It  is  the  result  of  the  muscular  contractions  that  are  pro- 
duced by  the  electric  current.  They  usually  pass  off  in  two  or  three 
days,  and  are  scarcely  observed  at  alt  after  the  patient  has  once  be* 
conic  accustomed  to  the  treatment.  By  making  the  first  tentative  ap- 
plications gentle  and  short,  it  is  possible  to  avoid  entirely  this  subse- 
quent muscular  soreness,  and  in  very  feeble  or  very  timid  patients  we 
ihould  always  endeavor  to  do  so. 

Indefinable  nervcusncss  is  another  occasional  secondary  effect,  and  one 
that  often  gives  rise  to  idle  and  unnecessary  alarm.    Like  the  soreness 
of  the  muscles,  it  usually  passes  off  in  a  day  or  two,  and  is  not  commonly 
Wtperienced  after  the  patient  has  become  accustomed  to  the  treatment. 
IVmriness  and  exhaustion  may  be  experienced  by  this  clast  of  pft 
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tients  foi  several  days  after  an  injudicious  a|*plication.  It  is  a  very 
interesling  and  important  fact,  that  these  annoying  SMmUry  symptoms 
of  wcafifiess  and  exhaustion  are  oftenlimes  experiencetl  to  their  fullest 
extent  by  patients  on  whom  the  immediate  effects  for  a  few  hours  suc- 
ceeding the  application  are  only  agreeable.  On  account  of  this  fact, 
ihe  mcxperienced  electro-therapeutist  naay  be  unpleasantly  deceived, 
and  from  the  temporary  enlivenment  of  his  patient  may  sujipose  thai 
his  application  has  been  thoroughly  successful,  unttl  the  distressing 
secondary  effects,  conlmning  perhaps  for  several  days,  show  most 
clearly  that  it  has  been  either  too  strong  or  too  protracted. 

Permanent  &r  T^ftu  i^^r/j.— To  designate  any  precise  time  or  stage 
of  the  treattiient  when  these  tonic  effects  are  lo  be  looked  for,  is 
manifestly  impossible.  Like  the  tonic  effects  of  other  analogous  in- 
ternal or  external  remedies,  the  time  of  their  api>earance  must  be 
variously  moditied  by  the  nature  of  the  disease,  the  constitution  of  the 
patient,  and  the  skill  and  perseverance  of  the  treatment.  They  may 
appear  early  in  the  treatment,  developing  themselves  wilh  great 
rapidity ;  or  they  may  remain  latent  until  after  the  api^lications  are 
abar^doned,  and  then  advance  with  sure  and  steady  progress.  They 
maybe  so  rapidly  manifested  at  the  commencement  of  the  treatment 
as  to  cause  us  to  suspect  them  to  be  more  the  result  of  mental  im- 
pression than  of  the  applications ;  and,  on  the  other  hand»  they  may 
develop  themselves  so  long  after  the  treatment  as  Co  suggest  the  doubt 
whether  they  are  not  as  much  due  to  nature  and  time  as  to  the  direct 
electric  influence. 

Among  these  tonic  effects  of  general  faradization,  those  which  chiefly 
attract  the  attention  and  are  of  the  principal  importance  are  the  following: 

Improvement  in  the  S/ee^.—Thls  symptom  comes  first  \v\  our  analysts 
of  the  permanent  effects  of  general  faradization,  because  it  is  one  of 
the  first  to  be  appreciated  and  observed  by  the  patient.  As  insomnia 
is  the  mnsi  constant  and  universal  svmptom  of  those  various  nervous 
conditions  for  which  general  faradisation  is  indicated,  just  so  is  its  relief 
or  cure  the  first  and  leading  evidence  that  the  treatment  is  having  its 
desired  eflfect.  As  already  mentioned,  inclination  to  sleep  is  one  of  the 
immediafe  symptoms  of  the  application*  and  may  come  on  even  in  the 
midst  of  the  s^nce ;  but  the  improvement  in  the  sleep  of  whictTwe 
here  speak,  as  a  permanent  effecU  is  appreciated  during  the  intervals  of 
treatment,  ami  long  after  it  has  been  suspended. 

/n%'rettu  of  Appetite  and  Improvement  in  Digestion. — Increase  of 
appetite  and  improvement  in  the  digestion  is  not  so  early  nor  as  con 
tta*it  a  symptom  as  improvement  in  the  sleep. 
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It  Is  by  no  means  a  constant  or  uniform  effect,  even  in  ihose  cases 
Inhere  it  would  seeni  to  be  needed,  and  wliere,  Utj,  in  all  other  respectti 
great  and  lasting  benefit  is  derived  from  the  treatment.  Some  patients 
who  are  permanently  relieved  o(  neuralgia,  of  insomnia,  and  of  musculai 
and  nervous  debility,  yet  observe  no  decided  improvement  in  tbcii 
digestion.    Such  cases,  however,  are  quite  exceptional. 

ReguLfihtt  0/  the  Binvfh, — Constipation  sometimes  yields  ver>-  early 
in  the  treatment  The  lemi>orary  effect  is  probably  due.  In  nnany 
instances  certainly,  to  the  direct  mechanical  action  of  the  current  on 
the  intestines;  but  pennanent  relief,  either  of  constipation  or  of 
diarrhcea  of  the  nervous  variety,  is  not  to  be  eicpected  until  the  indigestion 
and  general  debiiity  on  which  they  depend  have  first  been  corrected- 

Improvement  in  the  CirculaSwn. — ^Permanent  eqitalization  of  the 
circulation  is  most  observed  in  cases  of  dyspepsia,  nervous  ex- 
haustion, hysteria,  and  similar  conditions  with  which  defective  circula- 
tion is  so  frequently  associated,  ft  ts  then  tlie  result  of  the  improve- 
ment in  the  assimilative  power  and  nutriiinn  of  the  system. 

Rdkf  of  Nervpusness  and  Mentai  Dfpresswn. — The  indefinite, 
though  vcjy  well  recognized  condition  which  we  term  nervousness, 
and  the  indefinable  mental  i^ony  that  forms  so  jirominent  and  so 
distressing  a  symptom  in  hysteria,  dyspepsia,  exhaustion,  and  other 
nervous  conditions,  sometimes  yield  to  general  faradisation  quite  early 
in  the  treatment 

Increase  in  the  Size  and  Hardness  of  the  Museles^  and  in  the  If^ei^At 
0f  the  Body. — This  is  a  natural  result  and  accompaniment  of  the  im- 
provement in  nutrition,  and  that  it  follows  the  use  of  the  faradic  as  well 
as  of  the  galvanic  current,  sufficiently  demonstrates  that  power  over 
nutrition  is  not  confined  to  the  latter. 

Under  the  influence  of  protracted  treatment  by  general  faradization, 
the  muscles  are  sometimes  developed  in  size  as  well  as  in  firmness  to 
a  degree  which  very  naturally  astonishes  those  who,  for  the  first  time, 
have  their  attention  directed  to  it  This  increase  in  si7,e  and  quality  of 
the  muscles  is,  of  coiu-se,  chiefly  observed  in  those  portions  of  the 
surface  of  the  body  where^  imder  the  influence  of  faradization,  con- 
tractions are  most  easily  produced.  Therefore  we  first  look  for  this 
eifect  in  the  arms,  the  legs,  and  afterwards  in  the  chest  This  effect  is 
Koonest  observed  in  patients  who  are  comparatively  thin,  or*  at  lcast« 
whose  tnuficular  '.issue  predominates  over  the  adipose.  On  the  other 
hand,  and  for  obvious  reasons,  it  is  not  so  perceptible  in  females,  01 
in  ihe  very  corpulent  of  either  sex. 

Under  general  faradization  actual  increase  in  the  site  and  wei^N  cj 
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the  body  sometimes  takes  place  so  rapidly  and  perceptibly  to  the  ey^ 
thac  it  need  not  be  confirmed  by  reference  to  the  scales.  In  othei 
cases,  where  ps^tients,  cither  through  curiosity  or  accidenti  have  care- 
tuUy  weighed  themselves  just  before  taking  a  course  of  treatuient,  a 
most  remarkable  increase  of  weight  has  often  been  observed  m  the 
course  even  of  a  few  weeks. 

The  increase  of  weigltt  is  simply  a  result  of  the  effect  of  the 
deciric  currents  on  nutrition,  and  a  natural  sequence  of  the  improve- 
nieut  in  the  5leep,  the  increase  of  appetite,  and  the  relief  of  pain  and 
mental  depression  of  which  we  have  already  spoken* 

Incrtasid  Disp&siiion  ami  Capaciiy  for  Labor  of  the  Muscles  and  of 
th£  Brain. — Whatever  lends,  directly  or  indirectly,  to  improve  nutrition 
must  of  necessity  increase  the  capacity  for  intellectual  and  muscular 
toil.  Accordingly  we  find  diat  patients  who  were  so  fe<;ble  that  even  a 
short  walk  or  ride  was  fatiguing,  and  who  were  signally  deficient  both 
in  the  will  and  the  capacity  for  exertion,  soon  begin  to  develop,  under 
treatment,  an  activit)'  and  vigor  that  is  sometimes  surprising.  They 
can  walk  farther  and  more  vigorouslyj  and  with  greater  enjoyment. 
They  realize  a  consciousness  of  strength  to  which  before  they  were 
strangers,  and  feel  emboldened  to  exertion  from  which  they  would  for- 
merly have  shrunk  with  apprehension. 

Concerning  these  permanent  tonic  effects  it  is  to  be  observed: — - 

1.  They  arc  not  uniform.  They  vary  not  only  with  different  individ- 
uals and  diseases,  but  also  with  the  same  individual  at  different  periods 
of  life. 

2.  They  are  more  r<tj>idiy  appreciated  by  the  aeiive  and  the  nervous 
than  by  the  eold  and  phlegmatic.  Other  conditions  beiivg  the  same,  a 
sensitive,  impressible  organization  will  recover  more  rapidly  under  gen- 
eral faradization  than  one  of  an  opposite  temperament* 

3.  They  are  fret^uerttly  not  experienced  until  long  after  the  treat- 
ment is  abandoned.  These  after  effects  of  general  faradization  arc 
worthy  of  the  highest  attention.  The  possibility  that  they  may  occur 
is  a  constant  encouragement  in  the  treatnieot  of  all  slow  and  obstinate 
cases. 

4.  They  arc  usually  as  lasting  and  permanent  as  similar  effects  from 
fifher  remedies  and  systems  of  treatment.  It  is  True  that  patients  who 
have  been  apparently  cured  by  general  faradization  are  subject  to  re- 
lapses, yet  to  no  greater  and  apparently  to  a  less  extent  than  those  who 
have  derived  similar  relief  from  internal  medication.  In  considering 
this  statement,  regard  should  be  had  to  the  fact  that  the  diseases  for 
#hich  general  faradtjEation  is  chiefly  indicated,  at  least  those  in  which  if 
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has  thus  far  been  most  successful,  axe  just  the  diseases  which  are  moA 
likely  to  relapse  under  any  or  all  fcrtiis  of  treatment 

Rationaie  of  the  Ej  ects  of  General  Faradisation. — I  t  has  been  said 
of  general  faradUatioti  that  it  is  not  physiological;  but  they  who  raise 
thi:*  objection  do  not  well  consider  what  they  say.  Of  the  various  methods 
of  electnzation  none  can  be  better  explained  on  a  physiological  ba^s 
than  can  this.  General  faradization  is  to  the  whole  body  what  localized 
faradization  is  to  an  individual  part  or  organ.  Al!  the  physical,  me- 
chanical,  chemical  and  physiological  effects,  with  the  consequent  in- 
crease of  the  procci^ses  of  waste  and  repair  and  iinprovement  in  nutri- 
tion that  electrization  is  capable  of  producing  in  the  living  tissues  (see 
E!ectrO'Physiologyf  p.  177}  and  which,  in  exclusively  localized  applica- 
tions, are  mainly  confined  to  the  part  which  is  traversed  by  the  current, 
are  in  general  applications  appreciated  by  every  part  of  the  system* 
Then^  again,  the  improvement  which  each  part  or  organ  receives  from 
the  treatment  reacts  upon  every  other  part  and  organ.  Every  effect 
becomes  in  its  turn  a  cause ;  the  strengthened  brain  sends  more  nervous 
force  to  the  stomach,  by  which  the  latter  is  enabled  to  send  better  blood 
to  the  brain. 

Comparing  what  is  known  of  the  conduclibility  of  the  tissues  (sec 
p.  180),  and  the  action  of  the  electric  currents  upon  ihem,  with  the  ob- 
served effects  of  general  faradization,  these  effects  may  be  regarded  as 
diie  mainly — » 

I,  To  the  fact  that  the  nutrition  of  the  entire  central  nem>ous  system 
is  directly  tnfiueneed  by  the  current.  In  an  ordinary  application  the 
braiMj  spinal  cord,  and  sympathetic  ganglia  are  all  subjected  to  the  ac 
tion  of  the  current  In  most  of  the  applications  of  central  localized 
electrization  only  a  part  of  the  central  nervous  system  is  affected  at 
each  sitting.  We  are  warranted  in  believing  lhat  in  nearly  all  nervous 
diseases  the  central  nervous  system  is  more  or  leas  disturbed,  even  when 
it  IS  not  organically  diseased, 

a*  The  passive  exercise  that  results  from  the  vigorous  and  repeated 
Muscular  coniractiofts  produced  by  (he  applications.  When  the  applica- 
tions are  thoroughly  and  skilfully  made,  vigorous  yet  agreeable  coii» 
tractions  are  excited^  not  only  tn  all  the  superficial  muscles,  but  in  the 
deeper  layers,  and  also  of  the  contractile  fibre-cells  of  the  stomach, 
the  intestines,  and  other  vital  organs.  The  augmentation  of  the  mani- 
fold processes  of  waste  and  repair  which  a  single  sitting  causes  in  the 
muscles  and  abdominal  organs  would  alone  powerfully  inHuence  ntttii- 
tion,  even  though  the  electric  current  exerted  no  direct  effect  on  the 
aervous  system. 


PASSIVE  EXERCISE  AND  REFLEX  ACTION 


That  the  tonic  effects  of  general  faradization  are  very  largely  due  ta 
Ac  passive  exercise  which  it  produces,  is  proved  clinically  by  the  fact 
tbft-t  when  a  current  too  feeble  to  cause  muscular  contractions  is  used, 
or  when  the  muscles  are  neglected,  the  tonic  as  well  as  the  primary 
effects  of  the  treatment  are  much  less  marked. 

3-  Reflex  action  from  the  sensory  nerves.  The  reflex  effect  of  the 
f^'^^c  current  even  is  very  powerful,  and  in  general  faradization  nearly 
*^  the  superficial  sensory  nerves  are  acted  upon,  and  consequently  the 
^^^6le  nervous  system  is  constantly  under  reflex  as  well  as  direct  in- 
fluence of  the  current.* 

^  Brown-S^uard  and  Lombard  (Archives  de  PhydoL,  November  and  December, 
1869)  shown  that  when  one  arm  is  |nncbed  the  temperature  of  that  arm  slightljr 
'UeSi  and  that  of  the  opposite  arm  falls.  Dr.  James  J.  Putnam  (Boston  Medical  and 
Snjieal  Journal,  June  23,  1870)  has  shown  by  a  series  of  experiments  on  frogs  that 
dectrixation  of  one  foot  caused  reflex  coalractions  of  the  blood-vessels  in  the  web  of 
the  foot  of  the  opposite  side.  These  experiments,  taken  in  connection  with  the  fact 
tim  nutrition  is  closely  related  to  circulation,  would  render  it  clearly  probable  that 
reflex  action  is  an  important  factor  of  the  results  of  application  of  electricity,  and 
opedally  of  general  faradifation*  where  the  extremities  are  directly  aflected  by  the 
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In  order  to  determine  the  differential  indications  for  the 
localijied  and  getierai  faradij^aiion  we  need  to  consider  these 
facts ;  JM 

Firsts  That  general  faradiaatiuu  ditfdly  affects  the  whole  body,  ithS^^ 
in  Incaliied  faradization  the  direct  action  of  the  current  is  mainly  zon- 
fined  to  the  part  to  which  the  application  is  made, 

Sc^ottdlyy  That  general  faradization  may,  by  syoipathetic  or  reflc* 
action,  indirccUy  have  a  special  therapeutic  influence  on  some  sptcici 
part  or  organ,  while  localized  faradization  of  any  part,  bill  especially 
of  the  sympathetic  or  cerebro-$pinal  axis,  by  sympathetic  or  reflex 
action^  may  indir€c(iy  have  a  gencrai  therapeutic  inQuence  on  (he 
whole  body. 

Thirdly,  Faradization,  when  properly  performed,  very  rarely  iojurcs, 
and  usually  more  or  less  benefits,  even  those  parts  which  are  in  cotQ- 
parative  or  absolute  health.  This  consideration  has  an  important  prac- 
tical bearingj  especially  in  ihe  use  of  general  faradization,  in  cases  of 
doubt  as  to  the  seat  of  the  disease.    (See  p.  234.) 

F<iurthh\  In  nearly  all  cases  it  is  important,  and  in  many  it  is  im 
pensable,  that  the  applications  should  be  made  to  the  seat  of  the  di 
ease  as  well  as  to  the  locality  of  the  symptom.    Scientific  electro^theri- 
peuticsj  therefore,  requires  the  most  accurate  preliminary  diagnosis; 
above  all,  it  is  iiiipot-tant  to  rigidly  discriininate  between  diseases  whidi 
are  of  a  constitutional  and  those  which  are  of  a  local  origin* 

From  these  fundamental  considerations  we  logically  derive  the  gen- 
eral law  that  ^institutional  diseases  are  better  treated  by  gtn^ral^  ond 
Joeal  diseases  by  Idealised,  faradization. 

More  specifically,  experience  demonstrates  that  of  the  large  variety  of 
diseases  for  which  applications  of  electricity  are  fovmd  useful,  local' 
faradization  and  galvanization  are  s|3ecially  indicated  in  those 
where  bodi  the  seat  and  the  effects  of  the  disease  are  restricted  to 
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lain  portions  of  tlie  organism,  with  but  slighi  or  imperceptible  influenrp. 
on  the  system  ut  large.  Under  this  head  are  included  nearly  all  peri- 
|)heral  and  rcllt^x  paralyses  and  neuralgias,  efTusions,  sprains,  and  local 
mjiir.es,  and  also  many  of  the  diseases  of  the  eye,  ear,  larynx,  and 
genital  and  digestive  organs. 

On  the  other  hand,  general  faradisation  is  indicated — 

1.  In  those  diseases  that  are  dependent  on  or  associated  with  im- 
pairment of  nutrition  and  general  debility  of  the  vital  functions,  such  as 
nervous  dyst»epsia,  neurasthenia,  anaemia,  hysteria,  hypochondriasis, 
paralysis,  and  neuralgia  of  a  constitutional  origin,  rheumatism  and 
other  toxic  diseases.,  some  forms  of  chorea,  and  oftentimes  in  func- 
tional disorders  of  the  genital,  digestive,  and  other  special  organs, 

2,  In  ntorbid  symptoms  dependent  on  some  local  cause  which  can- 
not be  satisfactorily  diagnosticated.  It  must  be  confessed  that  a  large 
number  of  cases  of  chronic  diseases  are  frequently  dependent  on  or 
connected  with  some  important  lesionSj  of  which,  during  the  lifetime  of 
the  patient,  even  the  most  approved  methods  of  diagnosis  and  the  most 
practised  skill  utterly  fail  to  ascertain  either  the  nature  or  the  locality. 
This  is  oftentimes  the  case  with  epilepsy,  hysteria,  and  hypochon 
driasis  ;  sometimes,  also^  with  alTections  of  special  organs,  as  the  eye^ 
ear,  larynx,  and  uterus. 

Benedikt  emphatically  aflirms  that  electricity  should  be  applied  almost 
exclusively  in  ioco  tmrln^  in  the  place  of  the  disease,  and  in  cases  of 
doubt  recommends  tentative  applications  successively  in  all  the  sus^ 
pected  localities  until  the  diagnosis  is  made  out  by  the  success  of  the 
treatment*  It  scarcely  need  be  said  that  this  purely  experimental 
systemj  though  sometimes  successful,  must  be  and  is  annoying,  uncer- 
tain, and  very  frequently  unsatisfactory. 

The  advantage  of  general  faradization  in  such  cases  of  doubtful  patho- 
logy arc  twofold  \  Fit  si^  at  each  application  it  affects  all  parts  of  the 
body,  and  thus  is  sure  to  reach  the  seat  of  the  dL^iease,  wherever  that 
may  be ;  and,  sMuiNy^  it  at  tlie  same  time  improves  the  general  nutri- 
tion of  the  system,  which,  in  such  cases,  is  frequently  more  or  less  im- 
paired. This  improvement  in  nutrition,  as  has  been  stated,  oftentimes 
ffacts  favorably  on  the  local  disease. 

Still  further,  it  must  be  confessed  thai  very  many  of  the  diseases  in 
which  general  faradization  is  proved  to  be  of  most  efficient  service, 
are  those  in  which  no  special  iceus  mcrbi  can  be  found  even  on  /<?ii 
m^frm  examination. 
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Future  investigations  will  undoubtedly  do  much  tn  dispel  our  ig 
ranee  on  these  points,  and  will  probably  assign  a  definite  local  f.ausfi 
to  some  of  the  diseases  which  are  now  vaguely  classed  as  constitu- 
tionaU  But  even  those  diseases  tn  which  Che  local  cause  is  definitely 
ascertained  may  demand  constituUonal  treatment  as  much  as  or  more 
than  those  in  which  no  local  cause  is  demonstrated.  When  a  honsc  is 
set  on  fire  by  a  burning  fuse,  it  is  not  enough  to  snatch  away  rlie  fnse  ; 
we  must  extinguish  the  flames.  When  the  nervous  system  has  been 
thrown  into  tetanus  by  a  wound  in  the  foot,  excision  or  healing  of  the 
wound  ts  of  little  avail ;  remedies  must  be  directed  to  the  centra]  ner- 
vous system.  Precisely  so  when  chronic  local  disease  has  enfeebled 
the  vital  functions  and  impaired  nutrition,  our  applications  are  to  be 
directed  to  the  general  sy&Lem  as  well  as  to  the  seat  of  the  le&ion. 

3.  In  certain  diseases  which,  thoitgh  themselves  incurable,  are  ac- 
companied by  impainnent  of  nutrition  that  is  susceptible  of  more  or  IcSi 
relieC  Palsy  agitans,  many  cases  of  cerebral  and  spinal  paralysis,  ad- 
vanced stages  of  locomotor  ataxia,  rheumatic  gout,  epilepsy,  and  cer- 
tain spastic  affections,  may  be  absolutely  incurable,  and  yet  the  eina- 
ciatioUf  nervousness,  insomnia,  and  general  feebleness  with  which  these 
diseases  are  associated  as  cause  or  effect  or  concomitant,  may  be  sus- 
ceptible of  most  grateful  relief  from  general  faradization.  In  not  a  few 
cases  of  disease  of  these  varieties,  after  we  have  failed  to  do  any  good 
by  galvanization  of  the  brain,  sympathetic  and  spinal  cord,  afier  even 
central  galvanization  has  failed,  general  faradization  alone,  given  with- 
out special  reference  10  the  seat  of  the  pathological  legion,  has  greatly 
relieved  the  sympton»s  and  been  of  invaluable  service  by  virtue  of  Its 
tonic  effects,  although,  of  course,  it  could  have  no  permanently  curative 
inHuence. 

Ilkisirative  cases  of  every  grade  will  hereafter  be  preeenled  in  detail. 

QsffSf  cf  Failures  in  EUctre-TherapeniUs, — The  comparison  we 
have  here  made  reveals  the  cause  of  some  of  the  failures  and 
discouragements  that  have  been  and  are  now  being  encountered 
by  many  experimenters  in  the  department  of  electro-therapeutici, 
Constiiuiionai  Mseasts  have  been  treated  heally.  Atorbtd  constitu- 
ttoiial  conditions,  such  as  hysteria,  an^emia^  rheumatism,  and  the 
iike^  which,  as  all  physicians  agree,  demand  remedies  that  affect  the 
system,  are  treated  electrically  only  through  their  local  symptoms,  such 
w  peripheral  paralysis,  or  neuralgia,  or  inflanmiation  of  the  Joints. 
Temporary  relief,  or  metastasis  of  these  local  symproms  may  indeed 
result  from  exclusively  localized  applications  in  sucli  cases,  but  per- 
manent correction  of  the  morbid  condition  on  which  these  symptonij 
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depend  can  only  be  obtained  by  general  treatment.  In  subacute  rheu- 
matism, for  example,  galvanization  or  faradisation  of  an  inHanied  join? 
frequently  removes  the  pain  and  effusion  in  that  joint,  and  therefore 
may  advantageously  be  used  with  general  faradization,  just  as  the  ex- 
ternal application  of  alkaline  solutions  may  atlvantageously  be  com- 
bined with  the  internal  administration  of  the  same  remedies  ;  but  to 
depend  on  merely  localized  electrization  in  such  cases  is  manifestly  as 
unphilosophical  as  it  would  be  to  depend  on  merely  local  applications 
of  alkalies.  In  general  practice  it  will  unfortunately  be  found  that 
physicians  will  frequently  use  localized  in  cases  for  which  general  treat- 
ment is  indispensable  for  complete  restilCs,  for  the  reason  that  they 
have  neither  the  time  nor  the  practice  to  enable  them  to  use  the  latlei 
method  with  success  ;  just  as  the  majority  of  general  praclii toners,  fof 
want  of  a  galvanic  apparatus,  arc  obliged  to  use  faradization  in  cases 
for     ich  galvanization  is  imperatively  demanded. 

Comhittaiion  of  the  Methoiis. — Many  cases  are  most  successfully  treated 
by  acombination  or  altematioti  of  the  two  methods.  Thus  rheumatisni^ 
for  example,  may  be  treated  one  week  or  one  day  by  general  faradiza- 
tion, and  ihe  following  day  or  week  by  local  faradization  or  galvaniza- 
tion of  the  affected  joints. 

This  comparison  furthermore  reveals  and  explains  the  suggestive 
fact  that  the  sphere  of  electro-therapeutics  has^  in  a  measure,  conre- 
si>onded  to  and  progressed  Avilh  the  advance  in  the  method  of  applica- 
tion. Thus,  when  peripheral  applications  were  chiefly  used,  the  scope 
of  electro  therapeutics,  tliough  important,  was  narrow,  neuralgia  and 
paralysis  being  the  diseases  for  which  it  was  mainly  eniployed.  On 
the  introduction  of  localized  galvanization  of  the  nerve-centres,  electri* 
city  was  found  to  be  tpost  useful  for  many  conditions  in  which  pre- 
viously it  had  been  supposed  to  be  eitlier  valueless  or  contraiodicated. 
The  sphere  of  electro- therapeutics  is  by  geueral  faradization  and  cen- 
tral  galvaniiiation  still  further  extended  to  embrace  a  large  variety  of 
conditions  and  indications  which  localized  applications  fulfil  either  nol 
at  all,  or  but  very  inipezfectly. 


CHAPTER  Xlt 


CXNTRAL  OALVANIZATION. 

7^^  Gbj^ct  in  central  galvamsaiitm  is  t&  Bring  the  whole  eentral  ner 
Vffui  system — ihe  brain,  sympathetic  and  spinal  eord^as  well  as  the  pneu- 
mogastrie  and  depressor  nerves,  under  the  influence  of  the  galvanic  cur- 
rent. One  pole  [usuaily  the  negative)  is  placed  at  the  epigastrium^  whtlt 
the  ether  is  passed  over  the  forehead  and  top  of  the  heady  l>y  the  inner 
Orders  of  the  sterno-chids-mastoid  muscles,  from  the  mastoid  fossa  totkt 
sternum^  at  the  nape  of  the  neck,  and  down  the  entire  length  of  the  sptnt* 

The  following  representations  of  the  principal  steps  in  the  method 
of  central  galvanization  were  made  from  photographs  taken  during  the 
applications. 


Flo.  9^ 

Cbi^TRAI.  GALVAN[^/^TloN,  first  stage.  One  pole  on  the  epigastHmn,  the  other  ea 
th*  (rQftiai  ctntre^  the  haif  ttt  thnl  point  being  moistened.  Before  making  che 
AppIicaLllun  a:  this  point  the  etestrode  may  be  passed  orer  the  forEhcacL 
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A  female  jjatieiit  is  taken  in  order  to  show  that  this  method  in  Us 
£nurt;ty  requires  little  or  no  exposure. 


Tin,  97. 

Central  Galvanization,  second  stage  One  pole  same  position  as  before,  orlo'-ai 
down,  and  the  othi.'r  pA3»ii  up  Ax;d  down  by  the  inner  border  of  the  sceno- 
deido-mastoid  muscle  from  tbic  a.urknl[»-m9.xillar]f  fosrsa  to  tbe  sternum. 

Di/ai/s  of  the  Applications, — We  do  not  always  make  the  applies 
Itons  all  over  the  head^  but  merely  on  the  forehead^  gently  passing  the 
electrode  from  one  side  to  the  other;  then  baptize  the  patient  on  the 
traniat  cttttre^  at  the  top  of  the  head,  and  rest  the  pole  there  for  about 
Dne  minute,  and  sometimes  longer.  To  the  head  we  apply  from  two 
to  six  or  eight  cells — for  patients  vary  in  their  susceptibihty — beginning 
with  a  weak  curretH',  and  gradually  increasing  until  a  sour  or  metallic 
taste  \%  perceived  in  the  niouth.  The  cranial  centrt — the  summit 
bet  ween  the  ears—we  regau^d  as  the  most  important  region  of  the  head 
in  ail  electrical  applications,  and  especially  in  central  galvanization.  A 
ttirrent  passing  from  that  point  to  the  epigastrium,  traverses  the  centre 
of  life- — if  life  has  any  centre — andafiFects  the  sympathetic,  and  the  roota 
of  the  facial  nerves.  The  sensation  produced  by  this  application  il 
different  from  that  of  any  other  application  to  the  headj  and  is 
times  indetinAble. 
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An  application  to  this  point  for  one  or  two  minutes  is  usi  ally  about 
as  mucli  galvanization  as  the  brain  needs,  in  exceptional  cases, 
where  the  hair  is  thin^  or  the  head  is  bald,  we  make  the  applications  all 
over  the  surface,  back  and  front  In  applications  to  the  heaii,  car? 
should  be  taken  to  avoid  sudden  interruptions,  or  shocks  that  cause 
dizziness;  the  flashes  of  light  before  the  eyes  arc  of  Utile  account^  but 
nothing  is  gained  by  producing  thein,  and  they  are  annoying  to  the 
patient. 


Fio.  ijB' 

Central  Galvanization,  third  stage.  One  pole  same  postiion  us  before,  or  on  tht 
breastbone,  and  the  other  at  (.he  b?ck  of  ihc  neck  btrtween  the  Brst  and  seventb 
oetvical  vertebra. 

The  electrode  is  then  passed  down  the  inner  border  of  the  sterno- 
cleido-mastoid  muscle,  from  the  auriculo-maxillary  fossa  to  the  clavicle, 
for  the  purpose  of  affecting  the  'pneumogastric  and  sympathetic. 
We  usually  make  the  application  on  both  sides^  and  from  one  lo  jvc 
ruinutes. 

In  galvanizing  the  ^plne,  especial  attention  is  given  to  the  nliospinoi 
centre,  below  the  first  and  seventh  cervical  vcriebra?:»  which  is  lo  the 
ipine  what  the  cervi<:al  centre  is  to  the  brain.    The  cervical  sympathetic 
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and  pneiimogaatric,  as  well  as  the  spinal  cord,  are  affected  by  the  cur- 
f^nL  The  electrode  should  also  be  passed  over  the  enlire  length  of  the 
cord  by  labiU  appUcations  up  and  down,  I'he  back  is  not  usually  sensi- 
live>  and  strong  currents,  from  ten  to  thirty  cells^  can  be  borne  without 
any  more  discomfort  than  a  burning  or  pricking  sensation  beneath  both 
electrodes. 


Fig.  99. 

Cknthal  GALVASiZATinN,  fourth  stage.  One  pole  *amc  posilion  as  before,  or  o\*ei 
the  abdomen,  and  the  other  passed  beneath  the  loosened  clothing,  up  and  dowi} 
the  cotdf  from  the  seventh  cervical  vertebra  to  the  coccyx. 

The  back  may  be  treated  from  three  to  six  minutes,  and  the  whole 
length  of  tlie  stance  of  central  galvanization  ranges  from  five  to  fifteen 
minutes. 

Preparatwn  cf  the  Patient — AU  the  preparation  a  mah  patient  re- 
quires for  central  galvanization  is  to  unbutton  and  loosen  the  collar, 
remove  the  coat  and  vest,  and  slip  up  the  whole  cEothing,  so  that  free 
access  can  be  had  to  the  spine. 

A  female  patient  may  remox^  her  corsets  and  slip  up  her  iindet 
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clothing,  or  merel\'  loosen  the  clothing  at  the  neck  and  waist,  so  a»  to 
make  room  for  an  electrode  to  be  passed  down  to  the  epigastriurn,  and 
for  a  spinal  electrode  to  be  passed  up  and  down  the  back. 

EUctrodes, — For  the  negative  electrode  at  the  pit  of  the  stomach, 
dny  onge  or  flannel  electrode  with  a  broad  suiface,  so  as  not  lo  be 
too  paiiiful,  and  an  insulated  handle  thai  the  patient  can  hold,  will 
answer. 

For  the  positive  pole,  we  prefer  adjustahU  electrodes  (see  p,  333),  of 
different  sizes.  These  can  be  passed  under  the  clothing  with  great  ease^ 
and  can  also  be  provided  with  ^annel  covers,  that  may  b«  wa^bed  as 
often  as  necessary. 

Battery. — Almost  any  form  of  galvanic  batti:ry  will  answer  for  ceoEral 
galvanization^  but  for  reasons  before  given  {p.  31 1 ),  a  battery  that  gives 
a  steatly  uniform  current,  and  that  is  provided  with  a  rheostat,  is  pre- 
ferable. The  Cabinet  battery  is  exceedingly  convenient  for  centraJ 
galvanization. 

The  nietha<l  of  central  galvanization  is  based  on 'these  four  as- 
sumptions, all  of  which  seem  to  us  justiciable. 

I.  That  in  a  very  large  number  of  diseases,  and  especially  of  the  ao- 
called  functional  diseases,  the  pathology  is  not  exclusively  confined  tc 
any  region  of  the  brain,  or  sympathetic,  or  spinal  cord,  but  the  whole 
central  nervous  system  is  invaded  by  a  condition  of  exhaustion  and  ir- 
ritability- We  believe  this  to  be  true  not  only  of  hysteria,  chorea,  and 
of  many  affections  allied  to  tliem,  but  of  certain  states  of  neuralgia,  and 
a  number  of  diseases  of  the  skin*  It  is  possible,  furthennore,  that  some 
diseases  that  are  not  now  regarded  as  in  any  respect  of  a  nervous  char- 
acter nmy  in  ihe  future  be  shown  to  depend  so  closely  on  the  nervous 
system  that  they  can  be  most  successfully  treated^  not  through  their 
irarying  and  local  manifestations,  but  through  the  brain^  spinal  cord,  and 
sympathetic.  That  certain  diseases,  not  primarily  nervous,  doso  aflfcct 
the  nervous  system  that  they  need  to  be  treated,  in  part  at  least,  by 
remedies  that  act  on  the  nerves,  will  be  conceded,  I  suppose,  without 
question, 

3.  Thai  a  large  proportion  oi'  the  most  frequent  and  distressing  chronic 
diseases,  as  hysteria,  hypochondria,  neurasthenia,  chorea,  epilepsy, 
nervous  ilyspe]»sia,  neuralgia,  and  many  forms  of  insanity,  are  so  obscure 
and  subtle  in  their  pathology  that  it  is  impossible  to  determine  the  pre- 
cise seat  of  th »  disease  in  any  given  case,  even  where  some  local  patho 
logical  condition  may  exists  and  consequently  we  can  never  know  jusi 
where  the  -^urreni  should  be  localized.  Even  when  the  seat  of  ilie  dis- 
ease is,  or  is  supposed  to  be,  accurately  known,  if  a  special  revelation 
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fliauld  kindly  mforra  us  whether  epilepsy,  for  example,  takes  its  origin 
111  the  brain  or  in  the  sympatiieCic,  and  should  point  out  to  us  just  where 
tlie  lesion  occurred^  we  should  still  be  in  the  dark  in  regard  to  the  best 
method  of  localizmg  the  current,  for  without  another  and  stiU  more 
complex  resxlation  we  could  not  determine  the  extent  to  which  alt 
other  parts  of  the  nervous  system  had  been  affected  by  the  local  di» 
ease. 

The  force  of  this  objection  to  the  use  of  the  accepted  method  of 
galvanizing  the  brain  and  cervical  sympathetic  is  seen  when  we  attempt 
to  give  the  complete  pathology  of  any  of  the  diseases  wc  have  just  men- 
tioned, and.  indeed,  of  almost  any  nervous  disease  that  can  be  nien- 
lioned.  Where  is  the  precise  seat  of  the  disease  in  nervous  dyspepsia  ? 
We  know  that  the  stomach  is  weak,  and  we  jirescribe  galvanization  of 
the  pneumogastric  ;  but  what  have  the  solar  plexus  and  the  spinal  cord 
to  iiay  in  the  matter?  Who  can  tell  just  how  not  only  they,  but  the 
brain  itself,  may  be  the  origin  of  nervous  dyspepsia*  or  how  much  they 
share  in  the  pathological  disturbance,  and  consequently  how  much  ihey 
need  treatment  ?  After  clcvtn  centuries  of  medical  study,  who  cau 
tell  the  preci&e  and  exclusive  seat  of  the  disease  in  epilepsy,  hysteria,  and 
neurasthenia?  Is  not  the  probability  continually  growing  stronger 
with  the  advance  of  science,  that  m  these  and  many  other  diseases  the 
whole  or  a  largq  part  of  the  central  nervous  system  shares  as  a  cause, 
or  result,  or  concomitant?  Even  in  those  diseases  where  the  lesion  is 
understood,  is  there  not  much  more  of  the  unknown  than  of  the  known  ? 
In  locomotor  ataxia,  progressive  muscular  atrophy,  spinal  congestion 
and  irritation,  is  the  supine  only  at  fault  ?  Do  the  sympathetic  andbdiin 
wholly  esca|ie  the  infection?  "Evil  communications  corrupt  good 
manners"  in  pathology  as  well  as  in  morals,  and  the  communications 
between  the  sympathetic,  aad  cord,  and  brain^  and  the  nerves  that  branch 
from  all  thesc^  are  so  varied,  and  intimate,  and  complex,  that  when  the 
cord  is  known  to  be  diseased  we  very  naturally  incline  to  consider  the 
other  parts  of  the  nervous  system,  like  poor  dog  Tray,'*  in  bad  com- 
pany^  and  we  become  very  justly  suspicious  of  their  character*  In  this 
suspicion  we  are  justified  by  the  accepted  views  of  the  functions  of  tlie 
sympathetic*  and  by  the  clinical  signs  and  symptoms  of  these  diseases. 

In  cerebral  hemorrhage  we  usually  know  the  genera!  locality  of  the 
disease,  if  not  its  precise  nature;  but  the  spinal  cord,  through  disuse^ 
becomes  alTecied  with  secondary  degenerationsj  and  the  organs  of  di» 
gestion  also  more  or  less  sympathize. 

3.  That  the  nutrition  of  the  central  nervous  system  will  be  unproved 
by  passing  through  it  a  mild  galvanic  current. 
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That  in  the  great  majority  of  cases  of  so-called  functional  nerviitis 
disease,  and  in  many  of  the  coses  of  special  structural  lesions,  ncrv»' 
tonics  are  indicatedt  will  be  questioned  by  no  one.  It  \&  also  coming 
to  be  pretty  generally  admitted  that  electricity  is  something  more  than 
a  stimuiant — ih.u  it  is  a  /a/tk  with  a  powerful  si^ddlfive  influence.  Still 
further,  it  is  admitted  that  the  sedative  and  tonic  effects  of  electricil) 
can  be  obtained  by  passing  the  current,  with  little  oi  no  interruption, 
through  any  part,  the  nutrition  of  which  needs  to  be  improved. 

4.  It  is  iniijosiible  to  txcltisivfly  localise  ihe  current  in  the  cervicaJ 
sympathetic,  hence  it  is  certain  that  the  good  results  that  in  some  instances 
fallow  the  galvanization  through  the  neck  are  due  to  the  effect  of  the 
current  on  the  spinal  cord  or  pnetimogastric,  as  well  as  to  the  cervical 
gaiiglia  of  the  syiupathetic.  That  the  beneficial  effects  of  galvanizing  the 
neck  in  cases  of  nausea,  dyspepsia,  and  gastralgia^  are  due  in  part  if  00c 
entirely  to  ihe  effect  of  the  current  on  the  pneumogastriCf  is  more  than 
probable.  Conversely,  we  find  it  impossible  to  tell  how  far  our  attempts 
to  localiiie  the  current  in  the  pneuniogaslric,  by  placing  one  pole  at  the 
pit  of  the  stomach  and  the  other  by  the  inner  border  of  the  stcmo-cleido- 
mastoid  muscle^  was  successful  ;  and  whether  the  benefit  derived  took 
place  through  the  pneumogastric,  the  sympathetic  alone,  or  through  both 
combined,  seems  beyond  the  power  of  mortal  skill  to  detennine. 

Similar  diftjculties  are  experienced  in  the  attempt  to  differentiate  the 
effects  of  the  galvauijfing  the  brain  ;  how  much  the  results  of  applica- 
Hons  to  the  head  are  due  to  the  direct  or  reflex  action  of  the  current  on 
<he  brain  itseif,  how  much  to  its  action  on  the  cephalic  ganglia  of  the 
&ymj)aihetic,  and  how  much  to  its  action  on  the  roots  of  the  pneumo- 
gastric and  the  upper  part  of  the  spinal  cord,  seems  in  the  present  statti 
of  the  sciences  of  anatomy  and  physiology  absolutely  impossible  to  de- 
termine, lu  galvanising  the  spine  we  are  puzzled  by  the  same  Com- 
plications. The  cervical^  thoracic,  and  abdominal  ganglia  of  the  sym- 
pathetic, with  their  enormous  plexuses,  are  all  liable  to  be  affected  by 
the  current  whenever  it  is  applied  up  and  down  the  spine ;  and  how  far 
the  beneficial  results  of  galvanization  are  due  to  the  effect  of  the  cur- 
rent on  the  cord  itself,  and  how  far  to  its  effect  on  these  gangUa  and 
plexuses,  only  a  special  revelation  can  determine. 

Still  further,  the  subject  is  complicated  by  the  consideration  that 
electricity  works  powerfully  by  reJlex  action,  and  in  galvanizing  the 
brain»  the  cervical  sympathetic»  or  the  spine,  reflex  action  must  conttnu- 
illy  take  place  through  the  nerve-centres,  and  the  therapeutical  icsulti 
produced  by  such  treatment  must  be  in  part  attributable  10  such  rrl^ 
acuoQ« 
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TTie  positivt;  pole  (anode)  iaap|jUed  over  the  head,  neck,  and  spine, 
becaust:  it  is  less  irritaling  than  the  negative,  and  tentU  to  diininish  iiri- 
lability.  The  majority  of  the  cases  for  which  central  gaUauization  is 
used  are  in  a  condition  of  abnormal  irritability^  and  need  the  cahiiing 
effects  of  anatectrotono^  radier  than  the  irritating  etfects  of  catalectro- 
tonos.  To  this  rule  there  are  individual  exceptions  :  there  are  cases 
Uiat  appear  to  be  benefited  more  by  the  negative  than  the  positive 
pole.    (Sec  pp.  226-228.) 

The  negative  pole  (cathode)  is  placed  at  the  epigastrium,  because 
the  epigastrium  is  a  good,  indift'erent  point,  that  will  bear  well  the  irrt 
lating  effect  of  catalectiotonos.  In  order  to  avoid  over-irritating  the 
stomach  and  the  iineiiniogastric  nerve,  it  is  well,  in  very  sensitive 
patients,  and  when  lung  applications  are  u^^ed,  to  change  the  position 
of  the  negative  electrode  by  moving  it  up  and  dovvn  between  the  stcr 
niim  and  abdomen. 

The  positive  and  negative  modiBcations  (see  Electro- Physiology,  p.  103  j 
that  take  place  at  the  breaking  of  the  galvanic  current,  in  the  region  of 
the  anode  and  the  cathode,  probably  complicate  somewhat  the  etfects  of 
treatmcnt^ — arc,  indeed,  Victors  of  some  importance  in  producing  the 
effects,  and  not  unHkely  explain,  in  part,  the  disagreeable  results  that 
come  from  too  frequently  interrupting  the  current  when  treating  nerve- 
centres.  The  positive  and  negative  modificaiions  can,  however,  be 
mostly  avoided  by  using  a  rheostat  of  some  kind,  and  gradually  reducing 
die  strength  of  the  c*irrent  to  a  minimum  before  the  electrodes  are  re- 
moved 

Central  Gatvanitation  Compared  unth  LocaHzed  Galvanisation  0/ iMe 
Nen^e-fentres. — We  claim  for  central  galvanization  a  distinct  and  sepa- 
rate position  among  the  different  methods  of  using  electricity  in  medicine. 
The  api^licalions  of  tlie  galvanic  current  to  the  head,  the  neck,  and  the 
spine,  which  have  been  variously  used  by  electro-therapeutists  since  the 
lime  of  Remak,  are  simply  forms  of  localized  electrization,  since  the 
object  aimed  at  in  all  of  ihem  is  to  localize  the  current,  so  far  as  possible, 
m  the  brain  or  some  portion  of  it,  in  the  cervical  ganglia  of  the  sympa- 
thetic, or  in  the  spinal  cord.  Then,  again,  in  all  these  forms  of  localized 
galvanization  of  the  nerve-centres,  the  poles  are  placed  near  each  other 
over  the  pari  to  be  affected,  and  the  peculiar  action  of  both  poles  is  felt, 
so  far  as  is  possible  by  external  application,  in  the  organ  that  is  treated, 

in  galvanising  the  head,  for  example,  the  poles  are  appUed  behind 
the  ears,  or  in  front  of  tiiem,  or  one  is  placed  nn  the  forehead^  and 
rtie  other  on  the  occiput,  or  at  the  nape  of  the  neck.  In  galvanizing 
tbe  cervical  ganglia  ol  the  sympathetic,  one  pole  is  placed  on  the 
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audculo-maxillajy  fossa,  or  along  ihe  inner  border  of  the  stenio<;1etdo- 
mastoid  muscle,  while  the  oiher  is  ai>|)lied  at  the  back  of  the  neck.  In 
galvanijiing  the  spine^  one  pole  is  placed  at  the  upper  or  lower  part, 
while  the  other  is  passed  tip  and  down  the  entire  length,  or  kept  In  one 
{jlace,  or  both  may  be  moved  up  and  down  the  entire  length  of  the 
cord,  or  confined  to  any  portion,  as  is  desired 

Rut  in  central  galvanisation  the  electrodes  are  so  placed  that  the 
whole  central  nervous  system  is  brought  under  the  influence  of  one  pole 
(usually  tht  positive)  of  the  galvanic  current  at  one  sitting,  and  without 
any  important  change  of  position  of  the  negative  pole.  BL'aid^is  the  cen- 
tral nervous  system,  the  pneumogastric  and  ihe  stomach  itself  are  also 
aflt;cted ;  in  £i  word,  the  great  centres  of  life,  of  bealthf  and  of  disease. 

Cotijparing  central  galvanisation  with  localized  galvanization  of  the 
nerve  centres,  by  the  t^tcts,  we  find  differences  of  a  most  marked  and 
interesting  character  exist.  The  ordinary  methods  of  galvanizing  ihe 
cervical  sympathetic,  the  brain,  or  the  spine,  do  not,  either  singly  or  in 
combination,  product-  the  powerful  t^nic  results  thai  are  frequently  ob* 
tained  by  central  galvanization.  Sedative  and  tonic  effects  are  unques- 
tionably produced  by  these  local  methods,  but  ihey  are  frequently  in- 
ferior in  quality  and  degree  li>  those  derived  from  central  galvaniitalion 
when  properly  administered.  This  conclusion  is  derived  from  acmaj  trial 
and  observation  of  case&>  Neither  the  temporary  nor  the  permanent 
effects  of  locidized  galvanization  of  the  brain,  of  the  cervical  sym- 
pathetic and  pncumogastric,  or  of  the  spine,  are  as  satisfactory  in  many 
cases,  even  when  they  are  successively  used  at  the  same  sitting  and 
with  the  same  time  and  strength  of  cunrenti  as  central  galvanization* 

Still  further,  experience  teaches  that  the  method  of  central  galvaniza- 
tion, in  its  completeness,  is  more  serviceable  than  partial  or  incomplete 
applications  of  it.  Placing  the  negative  pole  on  the  epigastrium,  and 
the  other  on  the  spine,  will  not  accomplish  the  full  effects  of  central 
galvanization,  although  so  far  as  it  goes  it  is  a  good  methodt  and  pro- 
duces sedative  and  tonic  effects.  To  confine  the  attention  to  the  head 
and  neck  alone,  also^  is  not  sufficient* 

Compared  with  General  Faradization.^^om\i^nx[%  central  galvaniza- 
tion with  general  faradization,  we  find  most  important  differences*  In 
the  one  only  the  galvanic,  in  the  other  onl)  the  faradic.  Current  is 
used. 

In  general  faradization  the  application  is  made  not  only  over  the 
central  nervous  system,  but  over  the  entire  trunk,  and  especial  attention 
is  given  to  the  muscles  of  the  abdomen  and  extremities.  In  centril 
gnh'ani'.ation  the  chief  aim  is  to  a^ect  the  central  nirvcus  system  ;  m 
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general  faradizarion  the  chief  aim  is  tf>  affect  the  musatlar  system, 
although  the  wervotis  system,  central  and  peripheral,  is  affected  both 
directly  and  reflexly. 

Comjjaring  the  effects  of  central  galvanization  with  those  of  genera] 
faradiiation,  we  find  that  both  are  powerful  tonics,  and  are  adapted  foi 
conditions  of  debility,  by  whatever  names  they  may  be  known.  Few 
some  cases,  and  |>ar[icitlaTly  for  cases  associated  with  great  muscular 
debility,  general  faradLcalion  is  more  effective  than  central  galvaniza- 
tion. On  the  other  hand,  in  cases  where  simply  ex/itius/hfi  of  the 
nerve-centres  is  the  leading  condition — as  hysteria,  churea,  and  sc 
forth  "-central  galvanization  is  oftentimes  far  superior  to  general  faradi- 
Katioii. 

Central  Gah'anisaiioft  alternated  with  General  Faretdhai ion. — Sonic 
of  the  best  results  thai  we  have  yet  seen  have  been  secured  by  combin- 
ing or  by  alternating  ihe  two  methods, 

Soiuetimes,  after  general  faracU/ation  has  done  all  that  it  is  capable  o( 
central  galvanisation,  rightly  used,  helps  to  lift  the  patient  still  higher. 
In  cases  where  we  are  not  experimenting,  and  seek  only  the  best  good 
of  the  patient  in  the  shortest  time  pos^Jiblc,  we  use  in  succession,  or 
alternalionf  and  with  changes  and  modifitaUons,  all  the  principal 
methods — local  galvanization  of  the  brain,  of  the  tiervical  sympathetic 
and  spine,  general  faradization  and  central  galvanisation.  This  course 
is  found  to  be  oftentimes  justified  by  the  results^  The  improvement  is 
more  positive  and  more  permanent  than  when  a  single  meiliod  is  used 
exclusively. 

Some  cases  we  treat  one  week  by  general  faradization,  the  next 
week  by  central  galvanization;  sometimes  we  alternate  the  methods 
from  day  to  day. 

There  are,  however,  cases  not  a  few,  where  all  forms  of  faradisation, 
and  where  local  galvanisation  of  the  nerve-centres  irritates  rather  than 
benefits,  but  in  which,  under  the  method  of  central  galvanisation,  there 
is  sure  and  constant  improvement. 

Dr,  AUhatis,  of  London,  in  the  third  edition  of  his  most  excellent 
work  on  Mc-dical  Electricity,  after  de&cribing  this  method  of  central 
galvanization  in  detail,  remarks  that  he  had  never  carried  out  die 
roethod  in  its  entirety,  but  thai  he  had  used,  experimentally,  applica- 
tions to  the  head  and  neck  with  the  anode,  and  to  the  epigastrium  with 
the  cathode.  He  stales  that  unpleasant  resulLi  have  followed  these 
experiments,  that  disagreeable  cerebral  symptoms  were  produced  by  it 
during  the  application,  and  which  sometimes  continued  for  twenty-foui 
hours  or  more  afterwards. 
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*'The  iiat!eiiTi5  bad  a  general  sensation  of  mahthe  and  i-  rrvousncs^ 
headache^  and  a  feeling  of  giddiness  and  confusion." 

Dr.  AUhaus  further  states  that  he  has  used  the  "application  of  th< 
anode  to  the  cervical  and  Inmbar  stvine,  and  of  the  cathode  to  the  pit 
of  the  stomach  with  advantage." 

Nothing  IS  easier  than  to  produce  these  unpleasant  resuhs  in  su^ 
ccptible  patients  by  any  method  of  galvanizing  the  brain  and  Deck, 
provided  strong  currents  are  used,  or  interrnpiions  are  allowed,  or  the 
applications  are  prolonged.  The  same  effects  may  follow  general  fiu^' 
dilation  and  localized  galvamyation. 

In  beginning  to  treat  a  patient  by  central  galvanizaCiont  we  should 
use  very  niild,  scarcely  perceptible  currtM^ti*^  particularly  around  the 
head  and  neck,  and  even  on  the  cervical  spine,  and  great  pains  should 
be  taken  to  avoid  breaking  the  current,  and  the  application  should  be 
of  only  a  few  JiJOUR'nls' duration.  Taking  these  precautions  has  now 
become  with  us  a  mere  matter  of  routine,  and  we  are  every  day  accus- 
tomed to  treat  the  most  sensitive  and  delicate  patients — cases  of  hys- 
leria»  nervous  exhaustion,  hypochondriasis,  and  allied  affections — cases 
which  are  sufficiently  familiar  to  all  American  physiicians,  and  *v"ith 
sedative  and  tonic  effects  that  are  not  obtainable  by  other  methods. 

VVhenever  any  of  the  disagreeable  effects  spoken  of  by  Dr.  Allhaus 
occur,  we  always  give  the  patient  a  longer  interval,  and  moderate  th« 
applications  tmtil  only  good,  unmixed  with  evil,  effects  appear. 

The  American  constitution  is  more  susceptible  to  electricity  than 
the  English  or  the  German,  and  if  our  nervously  exhausted,  hysterical 
women  can  bear  and  be  profited  by  central  galvanization,  surely  the 
women  of  England  and  Germany  might  be  treated  by  the  same  method, 
even  when  used  with  less  caution. 

We  have  frequently  treated  by  this  tnethod  delicate  women  who  are 
too  fL'cble  to  walk  or  stand,  or  even  to  sit  up,  and  who,  therefore,  must 
be  ireited  in  bed,  and  even  in  such  cases,  the  disagreeable  effects  only 
occur  now  and  then,  and  no  oftener  than  they  occur  when  othff 
methods  of  electrization  are  employed  in  the  same  kind  of  case? ;  in* 
deed,  not  so  frequenlty  as  they  follow  general  faradiiation  Of  local 
galvanisation  of  the  brain. 

Rtpiy  to  Ohjeciions  against  G^ivanisation  cf  the  Nerve  eeniret. — 
It  is  proper  here  to  consider  briefly  some  of  the  objections  that  have 
been  brought  against  galvanizing  the  nerve  centres  by  the  method  of 
central  galvanij^stionj  or  by  any  form  of  local  galvanijEation^  These 
objections,  which  in  some  instance*  have  come  from  persotis  who  or 
flther  subjects  are  well-informedp  are  of  a  threefold  character. 


1.  That  the  current  goes  aroviud  the  nerve-centres,  and  not  through 
lliem.  This  objection  is  fully  met  by  the  experiments  recorded  in 
Electro -Physiology,  pp.  173-176. 

2.  That  we  do  not  copipletely  understand  what  the  current  doei 
when  it  jjenetrates  the  nerve-centres — in  other  words^  the  rationale  of 
the  effect  of  cleclncity  on  nulritton  is  not  yet  an  exact  science.  This 
objection  is  just  enough,  considered  as  a  fact,  but  considered  as  an  ar- 
gument, it  attempts  to  prove  too  much.  By  referring  to  Electro-Physi- 
ology we  shaLl  see  that  there  are  few,  if  any  remedies,  the  action  of 
which  is  as  well  understood  as  electricity.  We  do  not  exactly  and  ex* 
haustivdly  know  its  action  on  the  ne^ve*centres^  neither  do  we  exactly 
and  exhaustively  know  its  action  on  the  peripheral  nni^scles  and  nerve&i 
and  if  this  objection  is  to  hold  good  against  galvanization  of  the  nerve- 
centres,  it  intist  also  hoid  good  against  all  |>eri[>heral  galvanization  and 
faradisation, 

3r  That  it  is  dangerous  to  apply  the  galvanic  current  through  the 
head  and  neck. 

Dr,  Anstie,  who  is  a  very  strong  friend  of  electro-therapeutics  in 
general,  in  his  excellent  work  on  neuralgia,  speaks  of  galvanization  of 
the  cervical  bynipathctic  as  a  metJiod  to  be  either  avoided  or  used  witli 
very  great  caution,  and,  hi  support  of  this  view*  adduces  a  case  In  his 
own  practice.  In  a  review  of  Tlbbetta's  little  "  Hand  book  of  MedicaJ 
Electricity/'  Dr,  Anstie  repeats  this  caution,  and  expresses  apprehen- 
sion  lest  great  injury  ntay  folluw  the  use  of  this  method  of  treatment. 
The  error  of  Dr,  Analie  consists,  not  in  enjoining  ca-tition^  since  this  is 
needed  tn  aU  electrical  applications,  hut  in  suggesting  the  idea  that  gaU 
vanizalion  of  the  cervical  sympathetic  is  a  dangerous  procedure^  likely 
to  proituce  serious  results.  Quite  recently  Dr.  Brown'Set^uard,  in  a 
foot-note  to  one  of  his  series  of  very  able  papers,  speaks  as  fqllows : 

*•  Recently,  some  bold  physicians  have  tried  to  gaivaniic  the  cervical 
sympathetic  nerve,.  This  I  did  once  in  iS^S  "''y  eminent  frtcnd 
Prof.  Ch,  Rouget,  to  try  to  relieve  him  from  a  most  violent  headache. 

The  effect  was  all  we  could  desire  against  the  headache  j  but  the 
galvanic  current,  acting  at  the  same  time  on  the  sympathetic  and  the 
vagus  (the  simultaneous  excitation  of  these  two  nerves  cannot  be 
avoided),  produced  such  a  dangerous  syncope,  that  1  promised  myself 
that  I  would  never  try  again  to  apply  galvanism  to  the  cervical  sympa- 
thetic of  man.*** 

The  best  reply  to  objections  of  this  nature^  coming  from  men  who 
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are  justly  distinguished  in  the  departments  to  which  their  lives  are  <W 
voted,  is  found  in  liie  argum^nfum  ad  hominem. 

Dr.  Anstie  highly  recommends  hy^>odennic  ic^jections  of  morj^hine  io 
neuralgia. 

If,  now,  we  should  say  to  him  that  we  knew  of  a  case  where  an  injec 
lion  of  morphine  had  almost  instantly  caused  most  alarming  symptoms, 
and  of  another  case  where  it  had  appaiently  caused  death,  consequently 
we  had  resolved  never  again  to  use  that  method  of  treatment,  he  would 
reply  that  hypodermic  injections  had  been  tested  for  years  at  the  hands 
of  many  of  the  best  physicians  of  oar  time  ;  that  those  who  arc  moM 
familiar  with  ihem  are  usually  the  most  attached  to  them  \  and  that, 
when  properly  administered  wiih  the  caution  that  all  poient  remedial 
measures  demand,  and  the  skill  that  only  experience  can  give,  they 
need  seMom  or  never  do  serious  harm  ;  and  that  the  infinitely  smsill 
chance  of  their  doing  harmt  when  thus  properly  used,  is  so  far  over- 
shadowed, by  the  infinite  relief  which  they  unquestionably  do  afford,  aa 
to  be  hardly  worthy  of  consideration  in  the  practice  of  those  who  have 
made  themselves  familiar  with  their  administration. 

Dr.  Brown  Sequard  has,  among  very  many  other  researches,  deserved 
well  of  the  profession  for  having  given  an  explanation  of  the  action  of 
ergot  on  unstriped  muscular  fibre,  and  for  having,  on  the  basis  of  tliis 
explanation,  suggested  the  value  of  that  remedy  in  congestion  of  the 
spinal  cord, 

]f,  now,  we  should  say  to  him  that  there  are  cases  where,  with 
well-defined  symptoms  of  hypenemia  of  the  cord,  ergot  at  once  aggra- 
vates the  symptoms;,  we  should  but  state  the  truth  of  our  experience. 
Hecould  reply,  however,  with  perfect  jasticci  that  just  as  there  are  those 
in  whom  a  single  strawberry  will  cause  most  disa^eeable  symptoms,  or 
those  to  whom  a  mouthful  of  mutton  is  a  mouthful  of  poison^  just  so 
ihere  are  those  who,  whatever  their  disease  may  be,  cannot  bear  ergot ; 
but  that,  when  wisely  used  by  those  who  know  what  they  are  abouif  it 
is  a  remedy  of  vast  and  various  eflicacy. 

For  hypodermic  injections  of  ergot,  substitute  galvanisation  of  the 
cen'icai  sympathetic,  and  our  reply  is  complete.  There  are  those  to 
whom  electricity,  however  administered,  is  a  perfect  poison,  and  who 
were  not  born  to  be  treated  by  tliis  most  potent  of  remedial  agents. 
There  are  those  who  can  bear  tl  in  well-nigh  limitless  doses. 

There  are  those  who  can  bear  it  and  who  are  benefited  by  it,  but  only 
when  given  with  delicacy  and  great  caution.  Now,  it  is  possible  tc 
galvanise  the  cervical  sympathetic  in  all  three  classes,  except  the  first, 
without  doing  any  serious  injury,  permanent  or  temporary^    Even  thcst 
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mhd  an  tki  m^st  stisc&ptibte  to  elecirtcity^  for  wham  thh  force  can  ncvef 
bt  btnefidal^  can  y^t  be  treaUd  by  the  method  of  central  galvanttaticn^ 
xvttk  vtry  mild  atrrents  and  short  sittings,  and  a  rheostat  of  some  kina 
to  twoid  interrupt i ft g  the  curre/tt^  without  any  permanent  or  temporary 
injury. 

All  our  most  potent  remedies  are  dangerous  when  used  dangerously 
4.  That  the  cases  which  have  been  treated  by  galviinizatioii  of  the 
brain  have  been  so  carelessly  and  unscieniidcally  studied^  and  so  reck- 
lessly reported,  that  they  have  no  scientific  value.  Dr.  Cyon,  in  par- 
ticular, declares  that  the  obscrviUioos  that  are  given  as  proofs  of  the 
curative  effects  of  galvanizing  the  brain  are  valueless.  This  statement 
is  unfair-  What  is  true  of  certain  electro-therapeutists  is  not  true  of 
all  The  therapeutics  of  galvanization  of  the  brain  have  been  studied 
by  men  who  liave  been  trained  Co  the  habit  of  close  and  discriminating 
observation;  who  recognize  and  bear  constantly  in  mind  the  enormous 
complications  that  besci  all  therapeulics  ;  who  have  worked  under  the 
gaze  of  watchful  skeptics,  and  with  the  everlasting  motto, /£?j/ /;(?r  ergo 
propter  hoc^  incessantly  ringing  in  their  ears;  men,  too,  who  have  car- 
ried conscience  into  science,  and  have  reported  the  results  to  the  world 
just  as  they  were  revealed  to  them. 

It  is  of  very  little  practical  consequence  whether  these  effects  are  due 
to  the  direct  passage  of  the  current  through  the  brain  or  to  the  reflex 
action  of  the  current  on  the  brain  through  the  sensory  nerves.  Reflex 
action  comes  in  to  explain  the  therapeutic  effects  of  electricity,  however 
and  wherever  applied^  Granting  for  oae  momenti  what  is  not  true, 
that  mild  currents  cannot  penetrate  the  brain,  this  would  be  no  reason 
whatever  for  abandoning  the  electrical  treatment  of  the  brain  so  Igng 
15  experience  shows  tbat  benefit  is  derived  thereby- 
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VMt  OF  PRANfcLINlC  OR  STATIC  ELECTRTCTTf. 

The  two  great  obstacles  to  the  use  and  popularization  of  Frankliaic 
electricity  have  been  :  That  the  necessary  apparatus  were  bulky 
and  eK[>ensive  ;  2,  That  they  were  more  or  less  dependent  upon 
atmospheric  conditions,  antl  therefore  unc4^rtain  in  their  action.  The 
first  of  these  objections  still  holds,  but  the  other  no  longer  exists. 

With  the  apparatus  to  be  described  we  are  able»  at  all  seasons  and 
in  all  kinds  of  weather,  to  obtain  this  fnnn  of  electricity  in  sufficient 
quantity  for  therapeutic  purposes.  Notwithstanding  lliisj  however, 
there  is  one  disadvantage  under  which  we  occasiot^ally  labor  in  the 
use  of  Franfclinic  electricity,  and  this  is,  that  although  the  rtiachtne 
itself  works  well,  the  condition  of  the  external  atmosphere  is  such,  at 
certain  seasons,  that  the  stored  electricity  in  the  insulated  body  is 
abstracted  too  quickly.  It  is  mainly  in  the  months  of  July  and  August 
that  this  difficulty  occurs. 

Apparatus  for  Franklinitathn.^'Vh.c  best  apparatus  for  the  gen- 
eration of  Franklinic  electricity  for  medical  purposes  i*  the  Holtz 
niachine.  This  contrivance,  although  a  great  advance  over  the  old- 
fashioned  cylinder  machine,  sliU  proved  inoperative  during  most  of  the 
summer  months  at  least,  and  frequently  ceased  to  act  for  awhile,  even 
in  winter, 

Vigoroux  has  recently  been  experimenting  in  this  direction  in 
Paris,  where  it  has  been  found  that  if  the  apparatus  is  covered  with  a 
tightly  fitting  glass  case,  in  which  is  placed  a  quantity  of  chloride  of 
calcium,  which  absorbs  all  the  moisture  of  the  air,  electricity  can  be 
generated  with  more  or  less  readiness  in  all  kinds  of  weather* 

The  attention  of  the  profession  in  this  country  was  first  called  to 
this  useful  contrivance  by  Dr.  W.  J.  Morton,*  The  machine  consists 
of  two  stationary  and  two  revolving  glass  plates,  giving  a  large  quan- 
tity, and  a  f^park  of  eight  or  ten  inches. 

Formerly  but  a  single  revolving  plate  was  used,  which  yielded  a 

*  New  York  MedicmJ  Record,  vol,  xix..  No,  14, 
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lower  tension  and  les^s  quantity  ;  now,  however,  machines  of  tliree,  and 
even  four,  revolving  pUles  are  constructed,  and  ajiy  amount  of  force 
can  be  readily  obtained. 

For  almost  all  practical  purposes  the  four-plate  apparatus  with  its 
stationary  wheels  Ivvcnty  foiir,  and  Jls  revolving  wheels  twenty-two 
inches  in  diameter  is  sufficient.    This  apparatus  is  represented  in  Fig- 


Fid 

joo.    The  machine  may  be  operated  by  steam  or  water  motor,  or  by 

KranklinizatLon,  as  this  method  of  treatment  is  now  termed,  may  be 
t^iven  in  several  ways,  eacli  dilTering  in  the  effect  produced. 

Imsuiaiim* — In  the  administration  of  Franklinic  electricity,  insula- 
lion  is  the  iirst  step  taken,  and  to  this  end  the  patient  is  seated  upon 
a  platform  supported  by  glass  tegs,  and  connected  by  a  brass  rod  with 
either  side  of  the  machine,  according  as  we  wish  to  give  a  positive  of 
a  n^ative  charge.    As  in  the  adminisiration  of  dynamic  electricity,  ao 
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in  llie  ireaiment  by  I-'ranklinic  electricity^  the  effect  produced  is  dtic 
to  what  is  termed  a  difference  of  poleniial.  In  hydrostatics  the  stand- 
ard level  of  our  measuretiienl  is  the  sea,  and  in  electro-statics  the 
earth,  and  in  the  same  way  that  we  have  levels  above  and  below  the 
sea,  and  temperatures  above  ami  below  ^ero,  so  we  have  potent  iais 
abtwt  and  bdow  the  pardi's  potential,  termed  respectively  positive  and 
negative  potentials.  In  treating  a  patient,  then,  by  insulation,  we 
stmiily  change  his  potential  to  a  bigher  or  to  a  lower  one  than  that  of 
the  earth,  according  as  he  is  placed  in  coimnunication  with  the  post* 
live  or  negative  condenser.  To  use  a  homely  jihrase,  ihe  electricity 
is,  as  it  were,  pumped  into  the  body,  and  its  silent  reception*  and  as 
silent  and  more  gradual  discharge  to  the  surrounding  atnio?iphere, 
produces  in  most  persons  effects  that  are  very  agreeable*  The  bait 
of  the  head  stands  out  in  all  directions^  accent) >ai>ied  also  by  a  pleas- 
ant vibratory  sensation,  if  at  the  same  time  the  dischargini^  knobs  are 
brought  in  sufficiently  close  communication. 

The  pulse  Jtiay  be  slightly  accelerated  and  the  face  flushed,  while 
frequently  it  is  observed  that  a  slight  but  gentle  perspiration  apf>cars. 

This  condition  may  be  kept  np  fur  about  twenty  minnlcs,  or  until 
an  agreeable  feeling  of  drowsiness  is  extwrienced. 

If,  while  in  this  conditton  fif  insulation^  the  brass  rod  conneciing  the 
insulating  stool  with  the  machinej  be  held  lightly  in  cither  hand  of  the 
patient,  and  the  discharging  rods  brought  near  together  so  that  a  con- 
stant discharge  takes  place  between  them,  the  sensation  experienced 
by  the  patient  is  similar  to  that  resuUini»  from  the  administration  of  a 
feeble  faradic  current. 

In  those  patients  who  are  especially  susceptible,  this  mild  and 
simple  method  of  treatment  is  frequently  of  much  vJue.  It  is  slightly 
tonic  and  refreshing  in  its  action,  aiul  may  be  used  as  a  tentative 
method  before  proceeding  to  the  more  positive  and  effective  treatment 
of  thiT  spray,  sparks,  and  shocks,  or  the  general  surface  stimnlation  that 
is  so  admirably  obtained  by  die  use  of  the  roller.  Usually  the  effects 
experienced  are  very  slight  indeed,  but  in  several  instances  1  have  ob- 
served some  curious  phenomena,  and  notably  in  one  of  my  ca^s 
where  the  jiaiicnt  was  suffering  from  the  peculiar  sequels  of  cercbro- 
spind  meningitis  described  elsewhere.  Treatment  by  insulation  was 
invariably  followed  by  an  over]>owering  tendency  to  drowsiness,  which 
would  continue  for  half  an  hour  or  more. 

f  'liitikhnhatitm  by  sparks  or  spray. — The  patient  being  in  the  con- 
dition of  insulation  just  described,  sparks  can  be  drawn  from  any  por- 
tion of  the  body  by  the  near  approach  of  a  conducting  substance. 
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Fig.  lootf  represents  the  operalor  in  the  act  of  drawing  sparks  Qcim  ihe 
paiient  seated  upun  the  insulating  stool. 

Driss  b^Us  of  various  sizes  (mounted  on  g!as^  handles,  held  by  the 
oijcralor),  connected  by  a  brass  cliain  with  the  groiiiKl,  or,  better  still, 
with  the  nearest  gas  or  water-pipe,  arc  usually  employed-  Fig.  tooA 
represents  the  ball  electrode  ordinarily  used. 

The  sizcf  of  the  sparks  drawn  from  the  body  may  be  graduated  in  size 
and  length  ;  and  \n  slrenglh,  from  a  slight  ti^iglt;  to  the  sharp  impres- 
Mon  that  accompanies  a  large  spark  passing  through  several  inches  of 
intervening  aiu    The  body  varies  much  in  its  suscepubility  to  electrical 
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irflijenccs,  and  as  in  the  iise  of  dynamic  electricity,  and  especially  the  in- 
duced fortiiof  it,  so  inliie  use  of  Franklin  icelecirir.ity  by  means  of  sparks, 
the  operator  shoulJ  subject  his  own  person  to  its  influences  until  he  is 
thoroughly  aware  in  what  regions  these  strong  sjtarks  are  not  disagree- 
able, and  in  what  regions  they  are  painful.  A  large  variety  of  electrodes 
besides  those  represented  in  the  accompanying  cuts  may  be  used  ;  but 
aside  from  special  forms  for  the  ear,  muuth*  nose,  etc,  the  ball  electrodes 
of  nietal  and  of  hard  wood,  and  the  pointed  rod  for  the  spray  or  electric 
wind,  are,  as  a  rule,  sufficient.  It  ii  unnecessary  for  the  patfent  to  remove 
any  of  his  clothing,  as  the  sparks  pass  readily  through  th^  thickest  fabrics 
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At  the  point  where  the  sparks  spring  from  the  skin  to  the  electrode 
a  whitish  spot  will  be  at  first  noticed,  and  in  some  cases  they  very 
closely  resemble  the  ordinary  urlicaria!  wheals  followed  by  erythematous 
blushes  which  soon  disappear.  When  in  place  of  a  round  ball,  a  pointed 
rod  (Fig.  loof)  is  brought  within  a  few  inches  of  an  insulated  body 
already  charged,  we  obtain  the  effect  called  the  electric  wind  or  spray. 
This  is  due  to  the  sdeni  discharge  of  the  electricity  that  has  accumu- 
lated in  the  insulated  body. 

The  air  is  agitated  between  the  elecirode  and  the  body  of  the  patient, 
and  the  sensation  is  not  only  very  pleasant^  but  the  results  that  fol- 
low its  use  are  often  very  efficacious. 

General  FrankiinnaiiQn. — On  the  same  principle  that  we  apply  the 
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faradic  current  to  the  whole  surface  of  the  body,  calling  it  general 
fajadization,  so  we  can  make  similar  use  of  the  franklinic  electricity, 
and  very  properly  apply  the  term  General  Franklinization. 

This  is  accomplished  by  means  of  the  metallic  roller  (Fig.  loo^, 
although  it  is  by  no  means  so  generally  effective,  and  it  is  certainly  far 
less  agreeable.  It  directly  excites  the  cutaneous  nerves,  and  has  also  a 
powerful  reflex  action.  When  the  roller  is  used  upon  the  bare  skio.  the 
conduction  is  so  perfect  that  no  sensation  appreciated.  It  is  only 
when  the  clothing  intervenes^  acting  possibly  as  a  sort  of  LeydcQ  ]ar, 
that  the  peculiar  pricking  sensation  is  observed.  Ii  is  needless  to  say 
that  to  obtain  the  best  theiupeutic  effect  of  the  roller,  it  should  be 
applied  over  the  clothing. 
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Shocks  from  ifte  L^yt^tn  Jar, —These  are  produced  by  bringing  the 
body,  or  that  poriiun  of  it  upon  whidi  we  wish  to  operaie,  in  the  cir- 
cuit between  the  outer  and  inner  coating,  A  shock  maj-  be  seni 
through  rhe  arms  and  chest  by  placing  one  hand  on  the  knob  connect- 
ing with  the  inner  coating  (containing  the  positive  electricity)  and  ihe 
other  hand  on  the  outer  coating  of  the  jat  containing  the  negative  dec- 
tricity.  A  shock  may  be  sent  through  the  i>elvis  by  applying  one  end 
of  a  branched  conductor,  connected  willi  the  inner  coatings  to  the  l>ack, 
and  applying  the  outer  coating  of  the  jar  against  ll»e  hypogastric  region. 
In  Ihe  same  way  the  electricity  from  the  l-eyden  jar  may  be  localised 
in  any  pan  of  the  body*  The  shock  is  a  violent  method  of  treatment 
and  is  not  usually  called  for. 

In  addition*  a  static  induction  current  (sirtiultaneonsly  suggested  by 
Drs.  Nforion*  and  Uartholowf)  can  be  obtained  from  a  Holtz  ap- 
paratus, and  this  has  boen  suggested  as  a  substitnte  for  faradic  elec- 
tricity. It  is  claimed  for  (his  current  that  it  produces  ma^cinuim  muscular 
contractions  with  a  minimum  amount  of  pain,  and  that  the  response  is 
quicker  than  that  frotn  the  faradic  current.  As  for  the  first  claim,  it  is 
difficult  lo  see  how  it  can  be  determined,  since  the  ordinary  faradic  cur- 
rent, from  the  single  coil  apparatus  especially,  need  seldom  call  forth 
pain  in  the  production  of  muscular  contractions.  to  the  alleged 
greater  quickness  of  response,  I  have  not  as  yet  been  able  to  satla- 
la-ctorily  form  an  opinion.  The  change  in  the  api>ara(iis  for  the  pro- 
duction of  this  current  is  quickly  and  easily  effected^  and  for  the  pur- 
poses of  localized  electh^riUion  it  is  useful.  For  general  faradization, 
however,  1  can  quite  confidently  assert  that  it  is  far  inferior  to  the  cur- 
rent produced  by  ihe  best  faradic  apparatus. 

From  franklinic  electricity  tonic  and  sedative  effects  of  a  very  in- 
teresting and  positive  nature  can  be  obtained  either  by  insulatioHp  by 
sparks,  or  the  use  of  tl;c  roJlcr.  Speaking  from  a  considerable  experi- 
ence with  this  form  of  electricity,  I  should  say  that,  while  its  constkup 
tional  tonic  effects  are  unequal  to  those  that  follow  general  faradization, 
when  this  methoti  is  carried  out  properly,  with  due  attention  to  detail, 
yet,  as  an  adjunct  or  supplement,  it  is  invRhiable.  It  is  one  of  the 
familiar  things  in  medicine  that  a  remedy  which  at  first  acts  well  may, 
after  a  time,  prove  inefficacioust  rendering  it  necessary  lo  resort  to  some 
other  remedy  of  the  !5ame  class.  This  is  tru-  in  regard  to  the  dynamic 
and  static  forms  of  electricity.  Occasionally  cases  of  nervous  exhaus- 
tion, as  weU  as  other  forms  of  disease,  after  improving  to  a  certain 
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point,  under  the  influence  of  galvanism  or  faradism,  hang  fire,  as  it  were, 
but  by  submitting  the  patient  to  the  action  of  franklinizatian  a  new  ini- 
\m\'se  seems  to  be  givuii*  In  this  way,  one  treatment  su[>plernentiog 
and  re-cnforcing  the  Others,  rcguUs  are  obtained  far  more  sadbfactory 
than  could  possibly  follow  the  exclusive  use  of  general  or  localized 
faradization,  central  galvanization,  or  franklinization.  Pain  is  sometimes 
relieved  by  frankltnizaiion  after  both  galvanism  and  faradiisui  have 
failed,  but  this  is  not  the  rule.  The  pam  of  mit^tilar  rheumatism, 
however,  is  relieved  by  ihib  metliod  sooner  and  niore  effectually  than 
by  ihe  others.  For  this  [nirpose,  the  Irtatiiient  by  llie  roller,  which 
exercises  a  generally  stimulating  effect  over  a  broad  surface,  is  supe- 
rior to  the  treatment  by  sparks. 

In  the  various  forms  of  true  neuralgia,  franklinism  it;  not  comparable 
in  jKJwer  to  galvanism.  The  pain  that  the  former  is  fret|Licnlly  so  suc- 
cessful in  stibduing  is  generally  of  a  chronic  character,  confined  to  no 
special  nerve-trunks,  dull  and  aching  in  character,  and  with  no  tender* 
oess  on  pressure.  In  ihese  cases  J  havif  long  known  thai  faradism 
was  superior  to  galvanism,  but  more  recent  experience  has  convinced 
me  that  franklinization  is  more  efficacious  than  cither.  In  the  enlarged 
joints  of  subacute  and  chronic  rheumatism,  and  to  excite  the  process 
of  absorption  in  chronic  synovilis,  the  ireaimeiu  by  sparks  is  frequently 
more  efficacious  than  cither  faradization  or  galvanisation.  In  old  con- 
tractions, ^nd  in  cutaneous  amcsthcsta^  franklinij^ation  frequently  pos- 
sesses advantages  over  the  others. 

In  locomotor  ataxia,  and  In  systemic  diseases  of  the  spinal  cord  in 
general,  it  is  rendered  probable  by  a  number  of  suggestive  cases  thai 
much  more  can  be  accomplished  by  the  use  of  franklinic  than  by  dy- 
namic electricity. 

In  electro-diagnosis  franklinic  electricity  is  of  but  limited  value, 
those  <iualitaiLve  and  quantitative  changes  which  are  so  imporiant  as 
indicating  strucitiral  degeneration,  being  satisfactorily  produced  only 
through  the  action  of  the  two  forms  of  dynamic  electricity. 

Yaiuabtc  as  is  frauklinic  electricity,  it  has  a  more  limited  range  of 
usefuhiess  than  dynamicj  and  the  more  strongly  this  fact  is  impres-sed 
on  the  professional  mind  the  better.  He  who  begins  with  franklinisni 
the  study  and  practice  of  medical  electricity,  begins  at  the  wrong  end. 
Let  him  first  master  dynamic  electricity,  and  then  supplement  his 
knowledge  and  experience  in  thisdirection  by  franklinisni.  The  differen- 
tial indications  for  the  use  of  g&lvanism,  faradism,  and  franklinisni^  may 
well  demand  the  closest  scrutiny,  for  on  the  accuracy  with  which  we  esti- 
mate these  indications  will  largely  depend  the  success  of  our  efibrts. 


CHAPTER  XIV. 
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A  MKTHOD  of  employing  electricity  that  has  long  teen  populai  iinong 
the  laiiy,  though  it  13  not  yet  fully  introduced  into  science,  is  tlie  eUctric 
bafh.  The  tueihods  of  giving  electric  baths  are  various.  The  requisites 
are  a  bathing  tub  of  some  form^  [>artly  filled  with  water,  contrivances 
for  sending  the  current— either  faradic  or  galvanic — through  the  water  in 
which  the  patient  is  immersed.  An  electric  bath  can  be  extemporised 
in  any  ordinary  batlvtub.  The  patient  may  rest  his  feel  oti  one  pole  in 
the  water  and  hoM  the  other  pole  in  his  hand.  In  that  podtbn  the 
body  of  the  patient  becomes  part  of  one  or  the  other  pole,  and  the  car- 
rent  flows  through  him  from  one  pole  to  the  other,  just  as  it  would  if 
(here  were  no  waier  in  the  bath  ;  or  at  most  the  only  effect  of  the  water 
is  to  thoroughly  saturate  the  part  of  the  body  in  contact  with  the  pole 
in  the  bath-  This  method  is^  of  course,  exceedingly  crude,  and  can 
scarcely  have  any  conceivable  advantage  over  a  similar  position  of  the 
poles  outside  of  the  bath,  and  yet  it  has  been  not  a  Ultle  used. 

Mr.  Russell  uses  the  following  form  of  electric  bath.  The  tub  ts 
of  the  ordin.iry  shape,  but  the  metallic  connections  are  so  made  that 
the  current  cannot  avoid  passing  through  the  body  of  the  patient.  One 
pole — a  broad  copper  plate — is  at  one  end  of  the  tub,  constiltiting  a 
part  of  its  lining  surface,  and  the  other  pole — ^also  a  broad  metallic  plate 
— is  placed  at  the  other  end.  Both  plates  are  under  the  water,  Al 
the  head  of  the  tub  a  board  is  placed,  at  a  little  diistance  from  the  pole. 
This  board  has  in  it  a  slit  of  moderate  slxe.  Against  this  slit  rests  the 
back  of  the  patient,  while  his  feet  may  or  may  not  press  against  the 
copper  plate  at  the  other  end  of  the  tub.  By  this  arrangement  the  cur- 
rent can  be  directed  through  the  back  of  the  patient,  and  from  the  back 
through  the  body  and  lower  limbs.  Indeed,  the  back  of  the  patient  fits 
so  closely  and  snugly  into  the  sUt  of  the  wooden  rest,  that  the  current, 
if  it  pass  at  all,  laiust  go  through  the  body. 

In  regard  to  the  electro  conductibility  of  the  body  as  compared  with 
water,  we  have  already  spoken.  The  human  body  is  composed  raostl) 
of  water,  holding  in  solution  various  salts ;  it,  therefore,  conducts  bet 
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ter  than  water  of  the  same  temperature ,  and  on  account  of  this  superio* 
conductivity  of  the  living  human  tissue  a  considerable  porlbn  of  elec- 
iricity  must  go  through  the  body  whenever  it  lies  in  a  baih,  even  though 
it  does  not  touch  cither  pole*  That  the  body  conducts  better  than  the 
water  is  proved  by  this  experiment,  which  we  have  often  made^  Place 
bath  hands,  at  some  dislajice  apart,  in  a  baih  through  which  a  current 
of  considerable  strength  is  running,  and  a  sensation  will  be  di&tiBCtly 
felt  in  them.  Bring  tire  hands,  still  immersed,  very  close  to  each  other, 
and  the  sensation  will  be  much  diminished.  When  the  hands  are  fat 
apart  a  considerable  portion  of  the  current  passes  through  the  body  from 
one  hand  to  the  other.  It  prefers  this  much  longer  and  roundaboul 
fOad  to  the  direct  path  through  the  water. 


Kic.  loi. 
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fji  thearrangemeut  that  RtisseH  uses  (Fig.  loi),  if  the  pariont  presaei 
his  feet  against  the  copper  plate  at  the  lower  end  of  the  tub,  his  body 
becomes  a  part  of  the  pole  that  is  attached  to  that  plate,  be  it  positive 
or  negative. 

Dr.  Justin  Hayes,  of  Chicago,  has  a  somewhat  different  forjn  of  elec- 
tric bath.  In  the  sides  of  the  tub  and  near  the  bottom  are  a  number  of 
electrodes  connected  willi  the  battery.  These  electrodes  are  so  arranged 
that  the  current  can  be  sent  through  any  one  or  all  of  them,  and  thus  be 
Localized  on  the  part  that  specially  needs  treatment. 

Tliis  method  of  using  electricity,  which  is  called  the  electrO'therroal 
treatment,  is  carried  out  by  Dr,  A.  P.  Peck,  of  Chicago,  who  has  ob- 
tained  excellent  results  from  its  employment. 

The  study  of  the  comparative  practical  advantages  of  these  di0crenl 
forms  of  baths  is  of  course  beset  by  many  complications. 
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Effeiis  fif  (he  Eiectrk  Baih.—lx\  regEird  to  the  therapeutic  effectt 
of  the  electric  bath,  wo  have  tht^se  remarks  to  offer: 

1.  The  stimulating,  sedative,  and  tonic  effects  of  electricity  are  ob- 
tained more  or  less  by  all  forms  of  etectric  ba-ths;  not  only  thosts 
where  the  current  is  localised  in  some  part  of  the  body,  but  diosc  where 
it  is  generally  diffused  without  regard  to  localization  and  without  re- 
gard to  current  direction,  exert,  there  is  no  question,  tiiore  or  less  tht! 
special  and  diblinctive  physiologicaL  and  therapeutical  effects  of  elec- 
tricity. Those  forms  of  baths  diat  admit  of  localization  of  the  currei^t 
Bcem  to  us  to  be  far  more  scientific  and  rational  than  those  that  do 
not  admit  of  such  localuation,  but  all  forms  are  capable  of  affecting  the 
system,  for  electricity  cannot  pass  through  the  body  without  doing 
roore  or  less  good  or  evil. 

2,  The  question  whether  electricity,  administered  in  any  of  the  forms 
of  baths  yet  devised,  has  any  therapeutical  advantage  over  the  ordinary 
methods  ofu^ing  electricity — as  localized  faradi2atj(jn  and  galvanization, 
general  faradiration  and  central  galvanization — has  not  yet  been  estab- 
lished Even  if  it  should  be  proved  that  in  certain  diseases  or  certain 
conditions  the  electric  baths  are  slightly  superior  lo  ordinary  eleciriitap 
tion,  the  further  question  would  still  arise  whether  this  advantage  is 
sufficient  to  compensate  for  the  longer  time  and  greater  labor  and  in- 
convenience of  the  baths.  The  question  is  one  of  exceeding  complexity 
— for  the  therapeutical  effect  of  the  water  is  combined  with  the  thera- 
peutic effect  of  the  electricity,  and  to  eliminate  the  one  or  the  other 
is  no  easy  task.  Enthusiastic  advocates  of  the  baths  sometimes  mak« 
the  same  mistakes  as  the  advocates  of  Franklinization,  or  the  use  of  stati- 
cal electricity,  of  assuming  that  the  results  which  they  undeniably  oblain, 
and  which  are  sometimes  most  satisfactory,  could  not  just  as  well  have 
been  obtained  by  a  proper  use  of  electricity  in  some  of  the  ordinary 
methods. 

It  b  claimed  that  the  baths  will  be  borne  by  tcicperaments  that  will 
not  bear  ordinary  electricity-  This  claim  may  possibly  be  just,  and 
yet  the  difficulty  of  demonstrating  it  is  very  great  j  for  those  who  take 
the  baths  and  are  benefited  by  them  may  most  likely  have  been  im- 
properly treated  by  the  other  methods,  and  tliusfall  into  the  delusion  that 
the  baths  are  per  sc  more  bearable  than  ordinary  electrisation. 

The  true  and  only  way  to  determine  this  question  is  for  those  who  arc 
masters  in  electrology  to  try  the  baths,  side  by  stde  with  their  other 
methods  of  using  electricity  ;  just  as  they  try  the  two  currents  and  the 
different  methods  of  using  them  on  the  same  patients  and  on  different 
patients,  and  in  a  wide  variety  of  diseases.  Observations  of  this  kin4i 
28 
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to  be  of  real  value,  must  be  not  only  numerous,  but  extended  over  a  long 
period. 

The  question  whether  substances  can  be  introduced  into  the  body  of 
removed  from  it  by  electricity,  will  be  discussed  in  the  section  on 
electro-surgery. 

General  Rules  for  giving  Electric  Baths. — In  the  use  of  electric  baths 
we  should  be  guided  by  some  of  the  same  general  principles  that  guide 
us  in  the  use  of  electricity  by  other  methods.  The  temperament  of  the 
patient  should  be  studied,  and  in  the  length  and  strength  of  the  baths 
and  in  the  frequency  with  which  they  are  given  we  should  be  directed 
by  the  peculiarities  of  each  case. 

It  is  not  well  to  take  an  electric  bath  just  after  a  full  meal,  nor  is  it 
usually  well  to  take  exhausting  exercise  immediately  after  a  bath,  espe- 
cially for  the  delicate  and  nervous.  The  temperature  of  the  water 
should  be  about  that  of  the  body,  and  may  range  between  95  and  105° 
Fahrenheit.  The  patient  may  remain  in  the  water  from  5  to  25  min- 
utes. There  appears  to  be  no  danger  of  catching  cold  after  taking  an 
electric  bath,  even  when  the  water  is  quite  warm.  One  effect  of  the 
electricity  would  appear  to  be  to  give  tone  to  the  cutaneous  vessels,  so 
that  there  is  less  liability  to  take  cold  than  after  a  simple  warm  bath. 
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HVSTERU  AMD  ALUKD  AfFECTlONS, 

Under  this  head  we  include  hysteria,  in  the  ordinary  sense  of  thai 
term  J  neurasthenia,  or  nervous  evhauaticin ;  hypochondriasis  and  mel- 
ancholia ;  spinal  irritation^  with  the  manifold  fiymjHoms  with  which  it 
is  associated;  iniiomnia  ;  and  astraphobia,  or  fear  of  lightning. 

We  give  hysteria  and  allied  affections  a  prominent  position  in  the 
clinical  portion  of  this  work,  because  it  is  a  class  of  diseases  for  which 
electrical  treatment  is  esi>ecially  adapted,  and  in  which  its  success  is 
most  remarkable.  This  fact  is  not  gcneially  appreciated,  for  the  reason 
thai  the  proft^ssion  have  looked  upon  electricity  as  a  stimulant  merely, 
and  have  not  fully  recognised  its  sedative  and  tonic  properties,  and 
hence  have  confined  their  attention  largely  to  paralysis,  as  the  one  dis- 
ease above  all  others  to  be  treated  by  this  agent, 

MIectro-diagni}sis.^\J^\x'3\\y^  though  not  necessarily,  there  is  exces 
sive  sensitiveness  to  the  electric  current  in  all  parts  of  the  body.  Pa* 
tients  sometimes  can  bear  only  the  mildest  currents.  In  some  cases 
even  a  mild  current  will  not  be  borne  on  the  middle  of  the  back,  which, 
in  health,  is  usually  so  little  sensitive.  Redox  sensations  may  be  ob- 
served during  electrizadon  of  hysterical  patients.  Irritation  of  the  dis- 
eased side  of  the  body  may  be  sensitively  felt  in  the  healthy  side. 
SomrtimfS  there  is  capacity  for  bearing  very  str&rtg  currents  without 
injury^  et*en  when  there  is  great  hyperasthesia.  The  electro  diagnosis 
of  hysterical  paralysis  will  be  presented  under  that  disease. 

Treatment, — Hysteria  is  a  constitutional  disease,  and  demands  con- 
stitutional treatment.  To  attempt  to  chase  after  and  direct  the  appli- 
cation of  electricity  to  each  special  symptom  as  it  appears,  is  unphilo 
ftophical  and  usually  unsuccessful.  General  faradization  and  central 
galvanization  are  methods  of  electrization  that  are  indicated  for  hysteria. 
Under  whatever  symptoms  it  maybe  developed^  our  chief  and  best 
rcbidts  have  been  obtained  by  these  methods.  This  general  treatment 
does  not,  of  course,  dispense  with  localized  ekctriiation  of  paralyzed 
muscles,  or  special  attention  to  any  localities  where  the  discas"  u 
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r  the  lijne  directed.  Diseases  of  the  sexual  organs,  hysterical  hie 
ugh  or  cough,  njihonia,  or  incontinence  of  urine,  nia>'  sotuetimei 
need  localized  electrization  ;  but  these  sym[>tDm«  freqtientl)'  yield  under 
general  faradization  or  central  galvanization^  even  when  no  special 
attention  is  given  to  the  diseased  parts.  In  nearly  all  ca^es,  except, 
perhaps,  long-standing  paralysis,  it  is  much  belter  to  dispense  with  the 
local  than  the  general  treatiu*;nL  There  are  cases,  however,  in  which 
the  symptoms  of  rigid  contractions  of  certain  muscles  are  most  persislcnt 
and  painful  in  character.  In  such  conditions  of  the  affected  muscles 
galvarii^ation  should  never  be  omitted.  In  cases  of  extreme  hy|)cr- 
xsthesia  It  may  be  necessary,  as  Benedikt  advi^s^  to  place  the  p&tient 
under  the  inriuence  of  an  an.-estbetec  while  the  ajiplication  is  made. 
Strong  currents  do  not  appear  to  be  injorious  in  such  cases. 

Prcgnosis^ — The  behavior  of  hysteria  under  clectrLEatLon  is  as  ci{»ri* 
cious  and  inconsistent  as  are  its  symptmns.  Some  cases  yield  lo  gen- 
eral eleclriiation  with  wonderful  rapidity;  others,  apparently  no  worse, 
are  singularly  obstinate.  On  the  average,  the  prognosis  is  so  favorftble 
that  no  case  should  be  abandoned  without  a  fair  trial  of  this  method  of 
treatment.  Under  peripheral  electriiiation  the  results  are  usually  ud- 
satisfactory,  since  the  relief  of  tlie  local  sytjiplom  is  by  no  means  a  cure 
of  the  morbid  constitutional  condition. 

yioient  hyslerirat  sympiomf  deptndeni  on  sttppresstd  mtmiruathn  nilfviaiei  /m 
shima  0/ gmrrai /ara^iit&fwn  attd  locaiistd gaivatuLation. 

Case  I.  —  A  most  violent  tind  perustent  case  of  hysteria,  in  tbc  penou  of  al  mAnied 
llJy^  ayed  40,  came  untler  our  obMrvalifu  through  the  kuidness  of  Dr.  Oliver  White. 
Tlie  patient  was  in  bed,  suffering  from  violent  p^^roKvsnts  of  allemate  weepii]{r  bikI 
&rreaniiri|;.  The  hands  and  feet  were  colil,  ihe  pulse  feeble,  uid  the  pain  in  the  beftd 
WHS  cynvl&nt,  Eind  of  the  most  severe  character. 

These  symjiliims  had  contimicel  for  nearly  forty-eight  hoars,  and  In  order  lo  4ivert 
wrious  con^itquences  it  !>eemei.l  as  if  in  some  way  relief  tuuitt  '&00Q  he  ai&rded,  Tbe 
menstrual  pcfi>d  was  dtUycd  nearly  two  weekly  iu*l  lo  this  circumstance  it  «k 
possil^Le,  in  part,  to  aUritinte  the  iittack.  The  patient  was  f^ubmlUed  (p  ihorongli 
general  furadirjition,  ami  immcJifticly  alter  a  galvanic  cuirent  from  eight  cells  tru 
AS  nearty  as  jitji'sible  localiied  in  the  uterus.  These  effarts  were  roUowed  by  decMed 
allevialiun  of  the  symptoms,  and  a  tolefAbly  quiet  ni^ht  was  the  ^esu]^  Th*  mcnsa^ 
however,  did  not  appear,  siid  on  the  following  night  we  gave  again  the  «imc  tr«Ai- 
mentf  slightly  (ricreasiftp  the  (en»un  of  the  palvwiic  current.  Bcfoic  morning  nicq- 
itruation  became  nianifc^t,  and  there  no  fuiCher  evidence  of  nervous  di$tt^b* 
once 

Nearly  1  year  subs^qnently  thb  pcLticot  experienced  another  attadt  of  charac- 
ter, and  stilH.tantially  tbe  lame  treatment  igaia  relieved  her  cavnptetdy  wiUiin  forty 
eight  hoUrfi. 
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ffytieria  of  ffftt  year*  ■  standing  i»  a  married  JaHy^  fcUcvting  parturitipm  i  ttrnngt 

nmd  indtjintie  jennrfiaMj  in  (ht  ifgr;  (tc&iitjg,  cra7vfmg,  pruning,  WfTi'in^,  deat- 
"•ft  poiiHditt^^  heaving,  ro!hng  tttfjuti&ns  ^^er  Aioti  an  t  6<Hfy  ;  imaginary  itvtii 
ing  0/  tht  i^odv ;  Jifs  9/  wreping  and  great  desp^ndemy — Kapid  4ind  de<id'4 
improvemeni  under  etrttrai gah-anttaii-oa  tvitk  tirinig  fumnts^  a/icr  J\xiiurt  of 
generttl  f ixr,idix<ttion — Cffd'Hvef-Qii  emulsion  and  c^mnitr'irriiaiiitu  uird  ai  tht 
snmt  time. 

Cask  II. — Mrs.  B.^  m  mamcd  lady,  with  two  children,  wu  referred  to  us  Novem- 
twr  5i  1872,  by  Dr.  ConUing,  of  Brooklyn, 

The  paticntt  though  a  larly  of  unusual  inicUi|;cncc  atid  great  strength  of  witl^  had 
fof  neulj  a  year  been  a  vtL-ttiD  to  miiiiy  of  t lie  worst  symptoms  of  hysteria.  The 
^mptoms  appeared  ten  days  after  the  burth  of  her  second  child  %  up  to  thait  time  her 
hcdtth  hod  been  almost  perfect,  iihe  came  frum  a,  famUy  in  whoiii  there  wo^  iioine 
tendency  to  consumption^  and  she  bad  lost  two  f>i>tters  by  that  disease.  A  short  lime 
before  the  birth  of  her  second  child,  she  had  fallen  down  stairs  and  had  struck  on  the 
bacii  of  her  head.  The  query  arose  whether  that  might  not  have  had  something  to 
do  with  her  diseiL&e.  The  symptoms  came  on  in  the  night,  a.nd  quite  suddenly.  She 
became  excessively  nervau'^,  almost  uild^  and  the  physician  was  sent  for  and  succeeded 
in  calming  her  ;  ilien  fnlloweH  a  long  catalogue  of  woes.  On  the  top  of  the  head 
^fvaLS  a  constatit  wniuition  of  shiiking  or  agitaiiou*  or  thrilling,  as  $Jie  de5>cribed  it,  and 
heaving,  ryliiug,  lictiting,  waving,  pounding  sensations  were  fdl  in  the  head  and  over 
the  body.  There  ha^l  many  attacks  cjf  weeping;  at  alt  times,  though  naturally 
hopeful,  ^he  was  ca^t  do\vn,  and  imagined  she  did  not  love  as  she  shouH  une  of  her 
children.    The  general  nulritioUf  as  usiual  in  &uch  case^,  wan  well  maint.iitied. 

The  patient  ha^  tned,  with  great  thoroughness,  general  faradization  but  without 
cnbsluitial  wrvtce. 

We  used  on  her  matnly  rentral galvanitation,  combined  with  the  use  of  cod-liver* 
oil  cmulMon,  and  mild  countcr-irrilation  over  the  tender  vertebra. 

The  patient,  with  ali  her  nervousneskb,  bore  the  gah'anic  currtut  in  mormout 
rfiw/.'  it  Hcmed  to  he  ltnj>ossil>Ic  to  injure  her  by  over-electrisation.  We  sonn  found 
that  the  i>troager  the  current^  and  the  longer  the  applications,  the  greater  tbc  bene6t. 
Even  ilirough  the  brain  strong  currents  now  and  then  interrupted,  did  no  harm. 
She  iiAitjn  bqjan  to  improve,  and  continued  to  improve  not  only  during  the  three 
monthft  of  treatment^  but  subsequently,  and  there  wa&  iu  this  imprOTenuEit  a  consid' 
cra^ile  degree  of  permanen<^, 

III  the  above  case  there  were  facts  of  great  interest  First,  the  ex- 
(raordinary  tolerance  in  a  highJy  nervoias  patient  of  the  galvanic  cur- 
rent ;  and  secGrt(ii}\  the  supreme  advantage  of  cetitral  galvanizatiov 
over  general  faradization  in  severe  functional  diseases  of  the  central 
nervous  system, 

Hytiterical  and  analogous  symptotns  are  both  associated  with  and 
dependent  tipon  recognizable  uterine  disorders,  btit  \x\  nian)^  cases»  while 
these  symptoms  may  be  associated  vvith  ar^rl  ^gravateH  by  such  disor- 
ders, they  are  not  by  any  means  always  (lepetadciu  upon  them. 
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During  his  service  at  ilie  New  York  State  Woman  s  Hospital  T>r.  Rock- 
well has  founil  ihat  symptoms  of  excessive'  ntTvoiisnoss,  etc,  whicli  wcro 
supjwsed  to  be  merely  a  reflex  of  local  derangement,  have  frequently 
yielded  to  some  form  of  electri^ationj  before  any  raaiiifcst  change  bas 
been  observed  in  the  condition  of  the  $exu:il  appiratus. 

Hypochondriasis  {^Paihophobia)  and  Melancholm. — The  distincno 
between  hypochondriasis  and  melancholia  is  vital  The  flypochondriac 
readily  appreciates  the  character  of  any  special  disease  from  which  he 
may  suffer,  but  he  has  a  most  exaggerated  conception  of  its  importance 
and  of  its  probable  results.  He  talks  nmch  of  his  symptoms,  and  iio- 
ceasingly  seeks  relief.  The  melancholic,  on  the  contrary,  possibly  suffers 
from  no  appreciable  disease  ;  or  if  any  evident  structural  or  functional 
trouble  exists  aside  from  the  recognized  mental  perversion,  it  is  un- 
heeded. As  Maudsley  expresses  itj  "the  former  committing  a  murder 
would  certainly  be  hanged,  the  latter  probably  not."  The  tendeacy 
of  the  melancholic  is  frequently  to  suicide — the  hypochondriac  clings  to 
life.  Intellectual  exertion  is  an  impossibility  for  the  melancholic ;  the 
hypochondriac,  on  the  contrary,  may  lead  the  highest  intelleciua!  Ufe. 

The  one  suffers  from  such  perverted  habits  of  thought  and  feeling 
that  the  strongest  and  most  natural  affections  may  cease  to  exi&l ;  the 
other  T'^tains  all  the  normal  warmth  of  feeling  towards  friends  and  rela- 
tive 

Melancholia  is  a  more  advanced  phase  of  mental  perversion^  and  to 
tJiis  advanced  and  more  serious  condition  hypochondriasis  not  unfre- 
quently  progresses. 

There  are  reasons  for  believing  that  the  sympathetic  nervous  sjr^tem 
is  largely  at  fault  in  cases  of  hypochondriaais ;  and  that  if  not  demon* 
strably  diseased  it  is  yet  the  medium  through  which  disease  of  the  other 
parts  reacts  on  the  brain^  and  produces  molecular  or  other  disturbance. 

I'he  two  leading  ideas  that  we  here  desire  to  impress  are,  Jirstf  \Xv. 
hypochondriasis  is  just  as  truly  a  disease,  or^  more  strictly  speaking, 
symptom  of  disease,  as  dyspepsia,  insonmia,  chorea,  neuralgia.  paraJy- 
sis,  or  insanity,  and  should  be  treated  accordingly.  The  popular  inelhoH 
of  neglecting  hypochondriacs  altogether^  or  of  administering //ff<-^'^i7j,  i 
not  scientific  and,  except  in  rare  cases,  is  not  successful.  Setondiy^ 
hypochondriasis,  when  not  dependent  on  serious  lesions  of  the  central 
nervous  system,  is  susceptible  of  relief  and  of  positive  cure  under  the 
skilful  and  faithful  use  of  electricity*  Still  further,  we  believe — -ADd 
the  results  of  our  own  cases  justify  the  belief — that  cerebral  disease  of  a 
unre  pronounced  character  itself  may  be  relieved  by  electrtcity ;  and 
hat  that  terrible  form  of  hypochondriasis  which  is  the  precursor  otf 
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organic  cerebral  disease — the  vestibule  that  leads  to  the  dark  and 
gloomy  caverns  of  insanity — may  be  controlled  or  kept  at  bay  by  a  per- 
severing ekctrical  treatiuent.    (See  chapter  on  Insanity.) 

TVeaimtnt. — In  hypoclioiidriasis,  general  faradization^  central  gal- 
vanisation, and  galvanization  of  the  cervical  sympathetic,  are  indicated. 
We  have  obtained  good  results  Erona  all  methods,  though  nio&t  of  oui 
cases  were  treated  by  the  first  and  second. 

Mjfpochondnash,  ^ttith  impairment  of  tA^  /ttMetioiti  of  special  settre^lVeakeHta 
mtmwy^  Stniarji  lympioms  in  the  txtremittts^  mith  tome  i&st  of  moli/r  p^jwer,  tki 
rtJuH  fff  txetsiht  menial  euHvUy^  and  dfptndcHt  in  part  on  slight  cert6raJ  ionga* 
lhn-~Impri>vtmtHf  mndtr  general  faradization  and  (eairai  galvafttsaiien — 
Ittpit, 

Case  III.— Mr.  M.,  *n  actor  of  tiiventy  y<mx%*  standing,  wjb  placed  under  our  c»f« 
by  Dr.  K  L»  Harris.  Th«  patient  was  a  temperftle  man,  antl  so  Tar  as  bis  profession 
permilled,  r^uUr  tn  tXl  his  hn.liU?i ;  bul  Llie  chancier  uf  hU  engagements  had  rendered 
it  ncccisiry  for  him  to  cKcrcise  his  memury  through  a  ser)«a  of  years  to  an  unu^iu&l, 
«nd  AA  the  sequel  pruved  to  1  most  injuriuus,  extent.  Two  months  prior  he  began  to 
observe  that  hh  intellectual  powers  were  failnii^  him,  Ilis  memory  became  so  im- 
paired and  his  thoughts  so  cunfuscd,  that  he  founti  it  utterly  imposipibJc  to  *' commit" 
anything  new,  or  to  recall  readily  certain  *' parts*'  that  had  been  long  perfectly 
fflttjitiaf.  He  was  hypochondrlAcal  to  the  lost  dcgrcc»  and  at  tlie  same  lime  his  lirobi 
became  weak,  and  lie  complaiiictl  of  wnsory  symptoms  In  the  tips  of  the  fingers^  much 
the  same  a-i  I Injws  present  after  frp5thitc.  The  integrity  of  most  uf  the  senses  wa* 
markedly  impnired.  Under  seancct  of  general  faradijzation  anJ  central  galvamza^tioii 
the  annoying  »:nsory  iymp[om>  diiappeared  ;  he  gained  entire  ituL^lcfy  over  his  limit*, 
and  wa!»  riiiire  hopeful  and  liappy  ;  strength  of  vision  became  nearly  nurnial,  and 
when  wc  la^st  &aw  him  ihcre  had  been  sufTiLicnt  improvement  in  hi^  intellectual  facul- 
ties iij  enable  him  suices»fully  to  attempt  n  perforinance  on  the  :stnge.  We  learned 
lhat  durinj^  altcmjit  to  pcrfurcn  un  a  suLisequcnt  occasion  he  became  qniie  unable 
to  pursue  his  jjart,  and  was  led  off  the  stage.  This  was  sufltdeni  to  ihow  that  re- 
covery w>»iiol  complete;  as  to  his  condition  after  this  we  are  uninformed. 

^^JkffpJtodia — Impnwemtnt  under  gtneral  faraJiMmlian  and  central  galv&nh'Hion^ 
Ca»e  IV.— a  very  favorable  rebult  was  obtained  in  the  perion  of  a  young  man 
aged  35.  At  all  houi^of  the  day  he  wa^  annoyed  by  tinnitus  aurium^and  what  to 
him  secniCfJ  an  autiii>Le  voice  tctUn^  him  of  evil  to  come  We  submitted  htm  10  gen- 
tral  ai-rjjlicationsof  apowcirful  farii<.lic  cuvrcni,  and  al&o  (o  occiisiun^il  ^galvanization  of 
the  brain,  cord,  and  sympalheiic.  Some  improvement  foUuwcd.  The  mo^t  decided 
bcnelil  was,  however,  derived  from  the  method  of  ga[v^u<»<Uradiutiun,  The  fai^adic 
current,  futt  strengthn^  from  a  Kiiidcr  appaiatus  Jtnd  at  the  !«imc  time  the  i^AlvAnic 
current  from  fifteen  cells  of  Hansen';^  battery  were  pa'^sed  thratijjh  and  aruund  the 
body  by  the  method  of  general  electrisation,  Imprnvemenl  was  now  remarkably 
rapid.  In  the  course  of  Imlf  a  docen  applications  every  unpleasant  symptom  disap- 
pearedf  and  the  patient  ha*  since  remained  perfectly  free  from  any  evidence  of  thcil 
return. 
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Milamhoiia  of  Itvfl  yiari"  stattding  in  a  young  marriif  /titfy—Cttm/ifff  rttinrry 
under  central  gafvanitalian  ^ff'^  faiturt  cf  perMistent  iHttrnai  wttdic<m*% 

and  gtHtfaJ faraditatim. 

Case  V.— Mrs,  V.,  a  married  womaiit  aged  twenly-five,  came  firs-t  umScr  oar  ob» 
■ervatUMi  Ortoljer  8,  (871,  in  the  sevfiQlh  month  of  her  pregnancy.  Her  cnciitA* 
condition  wa^  iamentable  in  the  extreme.  There  was  chiefly  a  perwersioo  of  the  whole 
lubit  or  majiiicrr  ai*  feelings  sudi  us  so  frequently  Follows  actual  intellectual  defmf|^ne> 
menu  She  confeb^d  and  bewailed  her  want  of  interei»i  in  or  love  for  titow  wIk 
ttfre  nearest  to  lier,  iiid  evidejitly  suffered  rao3t  intensely  from  a  profoutifJ  fccliiig  of 
dep region  and  misery — a  va^t  and  formle^^  Idea  oT  utter  de^ql^ticxi.  The  patient 
ippreciaLed  her  condition,  would  reason  concerning  it*  and  acknowiedge  th^l  iHcre 
WA&  nothing  real  lo  which  tilie  coulJ  ^wjint  as  a  cause  of  her  nii»ery. 

These  wretthcd  feeUn^js  wcic  not  Alii*t;cther  new,  bul  for  over  two  years  h»l  tn  a 
mgdl&ed  furm  annoyed  her  coii^iileraltly.  Bitten  'Sllghtty  by  a  fztvorite  dog,  fcibc 
rtteryed  immediately  into  a  cunJiiion  thai  may  be  called  liypochondriacsU  mclAiiciiOK 
witli  an  exn^erated  noliun  of  the  dAit^rer  she  had  mcurretl.  She  had  Ixxn  treated 
|«rr.»,islenily  but  without  avail,  and  as  a  dfrnitr  rtssart  general  faradinLlion  at- 
tempted.  It  alterly  (a.t]ed  in  itbeJlects,  and  in  goo<l  faith  thepalient  was encouragsd 
to  hope  that  with  her  deHvtry  her  menial  balance  would  return.  The  chUd  W9i 
born,  and  three  niDtiths  subsequemly  I  was  again  called  to  »&e  ihe  tnolhe^,  only  tv 
lifui  her  coaduion  more  aggravated  than  at  any  previous  time.  We  now  re^^lvcd  to 
make  use  of  central  galvantzatign,  and  employed  a  current  from  six.  onlinary-suioil 
line  carbou-cells,  with  a  Hitting  of  four  mmiite^  The  patient  was  not  rE  all  im- 
proved by  the  seance^  but  xemed,  if  anythin^i  slightly  more  sensitive  to  aitettuj 
impressions. 

Ilia  couple  of  days  the  same  application  was  again  tried,  with  the  evident  nsttU  ol 
decidedly  exciting  her  miiicl.  A  third  effort  was  made  with  but  three  cells,  {rom  Mhicli 
the  current  w£ts  just  sulBcicnt  in  teniiion  to  call  into  action  the  senile  of  loiite.  From 
tlu&  trial  the  patient  experienced  undoubted  relief^  an  J  at  intervals  of  a  day  the  afK 
plication,  without  being  varitrl  excepting  in  the  length  of  the ^^-^f 'r^r,  wa!>  repealed  fo« 
lottie  two  months.  Allhouy;h  during  the  treatment  two  or  three  slight  relapses  oc- 
cilrredt  yet  on  the  whole  the  Improvement  was  steady  and  saCisfactory,  and  at  tbc 
ctoae  of  the  *'  central  treatment,  when  she  was  placed  entirely  in  the  care  of  Dr. 
William  J,  Donor  for  uterine  dtfliculty,  lier  recovery  was  complete. 

Neuraslherjiaj  *  ffr  Nfrvous  Exhffusiion. — The  derivation  of  the  term 
nftirasihertta  is  sufficiently  obvious.  It  comes  from  the  Greek  word 
rcupov,  a  nerve  ;  a,  privative  ;  and  cBwo^  strength  ;  atid  thereft>re»  being 
literally  interpreted,  signifies  want  of  strength  m  the  nerve.  Under  the 
name  of  general  debility,  it  is  a  condition  sufficiently  familiar  lo  every 
practising  physician,  and  too  frequently  resists  ii>ost  ohstiiutely  all  forms 
of  internal  medication.  It  is  not  to  be  confounded  with  anx^mia, 
though  it  riiay  be  associated  with  it. 

The  one  principle  on  which  neurasthenia  is  to  be  treated  is  by  th« 
concentration  of  all  possible  tonic  influet^ce  on  the  nervous  system— 
lit,  sunlight,  water,  fjod,  rest,  diversion,  muscular  exercise^  and  the  in 
*  Sec  monograph  on  this  sulijectp  by  Dr,  Beard. 
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I  adnirnistratioQ  of  those  remedies,  such  as  strychnine,  phos^jhonis^ 
;mc,  eic,  which  directly  atfect  the  ct^ntral  nervous  system* 
Electrical  TrM/zfti-w/.— General  faradization  and  central  galvanization 
as  an  adjuvant  to  tetit:ve  more  directly  ihe  syjnptoins  of  insomnia,  head- 
achct  etc,  which  are  so  Irt^quenlly  associated  with  neurasthenia  or  after 
general  faradLzation  has  'ailed. 

l^he  prognosis  is  usually  more  or  less  favorable.  In  nearly  all  cases 
of  unconajjlicated  neurasthenia  general  faradisation  atone  proves  deci- 
dedly and  sonietiu»es  rapidly  efficacious.  Beneficial  results  frmn  eithet 
this  method  or  contral  galvanization  are  so  unifoini  in  this  condttion 
that  wc  have  reason  to  suspect  some  unrecognizable  organic  disease 
in  those  cases  that  give  no  evidence  of  improvement  after  protracted  treat* 
meiU.  Even  the  complicated  forms,  that  are  the  result  of  incurable  dis- 
ease,  may  be  much  relieved.  The  cases  thai  fail  to  be  benefited  by 
electrical  treatment  are  those  of  lifelong  standing,  or  in  which  the  tem- 
peramt^nt  contraindicates  electrical  treatment, 

fifattojihtnia—Dt^ility  and  attaeki  of  tkk  hiodaeht — Itnmtdtate  a/td  rapid  im» 
frevemettt  under  gHttrai  faradiMatian — fiafiid  tHcnate  in  wtight. 

Case  V^I. — The  power  of  gcncrat  faradization  to  relieve  nenruthenia  and  to  cai^ 
inocaw  of  wcighl,  was  Ulu^traitcd  in  a  very  pleasmi;  aixd  saiisfaciory  manner  in  the 
CAK  uf  4  youn^  physicbn  whom  we  liave  lrc:it«^  durini^  tlie  autunin  of  1S69.  He 
wafi  aS  ycAT^  of  atiit  a  long  time  he  h2»\  Ucen  ^uliject  severe  und  repeated 
attacks  of  ocrvoui  ind  sick  Kcadaclte.  To  hi^  owh  cKprc^sioii,  he  liad  been 
*•  living  oa  a  lower  plane  than  was  normal."  Over-work  and  long  confinement  hswl 
reduced  him  lo  a  condition  of  sertoui  exhaiiiiition^  ami  when  he  caLledi  upnn  in 
September  he  could  not  wtilk  (wo  milr&  uilhout  fatij^ue.  Allliou^h  j  feel  9^  in(;he9 
in  height,  he  weighal  but  J 12  pounds  Atid  fur  many  months  there  liorl  Ijccti  no  sign 
uf  aiiy  incrca&¥*  He  ha/1  cto^L)'  stniiied  liLs  own  caw,  h^  been  thoroughly  cxamlfledp 
and  h&cl  trieJ  nearly  every  form  of  intern&l  metUcati^n.. 

We  be^n  trealinent  by  a  mild  and  gcneroJ  application  with  the  faradic  current. 
He  fell  tem|.voraf  ily  eiiHvened  and  eKhiloratcd^  but  when  he  returoetit  two  dayi  tub< 
fcquenftyt  he  stated  tliat  he  felt  no  special  bene5t,  laUhougb  he  luid  gained  ^ne-half 
a  piiuitd  in  teiight.  This  change,  slight  as  it  wa.s^  encouraged  him,  for  it  had  been 
muntlit,  nJid  ycorft  even,  since  he  hnd  been  able  tt3  detect  any  incrcoAe  in  weight.  We 
may  say  hae  that  be  watched  and  studied  his  symptO[DS»  and  carefully  ascertained 
weight,  from  day  to  day,  not  a  hypochondriac  at  all,  but  OA  a  scientklic  man, 
inspired  not  by  any  special  faith  in  the  remedy,  but  by  »n  earnest  desire  to  (csi  for 
himself  the  tgnic  effects  of  gcaeral  raraiIixa(LOD«  He  continun]  to  increase  in  weight 
•vith  remarkiiMe  regularity  and  uniformity*  and  at  the  end  of  three  weeks  be  I'tvund 
tliat  he  baJ  jicreosed  nine  pQUuds^  When  we  la&t  saw  him  bU  weLg;ht  was  i  >^ 
pvunda,  The  unprovetneni  In  hii^  general  condition  hod  gone  on  bond  tn  lund  with 
the  increase  in  weight.  His  appetite  was  keener  and  his  djgeslion  much  eitiiier.  Hii 
attacks  of  headache  still  annoyed  hion,  but  his  capacity  foreiidurmiice  hod  been  greatij 
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enlajged,  WtLhin  the  lost  two  yvsLts  we  l«:iriied  rrom  the  patient  himself  ihat  he  hmd 
'ulTered  no  relapse. 

In  this  ca«  the  applications  were  iiiarle  very  thoroughly  all  over  the  pctwo,  from 
the  top  of  the  head  lo  ihc  feet,  and  with  a  powtirful  current*  boih  ihe  fAra4ic  onJ 
galvftntc  curitnls  were  us»ciJ,  cluefly  the  faradic  It  is  worthy  ol  rr^mjirk,  alsiO,  thai 
thispfttient  always  e.^perieiiLieJ  a  Tifclmg  of  temporary  etili^nmcnt  and  cxhilftnLtioD 
after  eich  application,  and  lyoineilmes  the  headache  frciiit  whtch  he  sufTereii  driven 
mway  in  ihn  midst  of  the  treatment. 

We  may  iay,  al^io,  that  when  he  fiist  came  we  prescribed  qiide  of  line,  by  r^r/w- 
riffft,  iKcau^e  lie  had  uiscd  nearly  every  other  internal  tonic.  He  took^  however^  but 
two  or  three  doses  of  one  grain  each  for  the  first  day,  dropping  It  entirely  a«  ttoon  *i 
ne  found  that  he  had  Lncrea^d  half  a  pound  in  weight. 

The  above  case  we  regariletl  as  pre-eininently  a  typical  one — a  typical 
illustralion  of  neu^a&thenta^  and  of  the  benefit  ttiatmay  be  received  fxonj 
general  faradizaiion. 

Nmrasthenia  rtt  a  pieihork  p^thnt^  <nustd  ^  tj^rtsm^  applUaihn  t9  htyimtif — 
Shvf  impnnHmint  under  galvanisation  of  tht  cervicai  tympatAetk  and  ^trMtrmi 

far&ditfUion, 

Ca5£  Vn. — Mr-  A.  wa£  n  short,  stout,  nnd  remarkably  plethoric  man,  aged  6ql 
Through  his  active  bu^ine^s  life  he  Itad  confined  bim&etf  tno^t  closely  \c  his  duties, 
seldom  tailing  a  day  for  recreation^  even  during  the  heat  of  Rumnier^  Nbieieen 
years  ^incc  he  retired  from  business  with  greatly  impaired  health  and  strcngtlu  It 
was  thoaj];ht  that  perfect  freedom  from  all  care  would  be  sui^cient  to  restore  his 
live  ugor  of  conslitullon.  On  the  cnnfrary,  he  gnined  but  Utile,  if  any.  His  g^Lierft] 
appearance  was  typical  of  perfect  healthy  but  ordinary  exertion,  either  mental  or  phy- 
sical, was  sure  to  produce  exhau*lion,  pulse  -zuas  narmnt,  <tnd  the ptTSitnt  waj 
plethork  rather  than  anamir.  It  was  Impossible  for  him  lo  read  more  than  ten  or 
hftecn  minutcB  without  becoming  rcstle^  and!  cxce&sively  nervous,  and  ejccrci^e  to 
walking,  to  the  extent  of  a  doien  blocks  or  so,  would  frequently  produce  complete 
prostration.  His  sleep  at  night  was  broken,  and  somctimea  entirely  destroyed. 
There  was  not  the  sJighlest  evidence  of  organic  disease,  but  the  whole  nervous  syv 
tein  seemed  to  be  unstrung.  He  bad  submitted  to  almost  every  method  of  tonic 
treatment,  both  medicinal  and  hygienic,  but  had  seldom  cx(>ericnced  even  temporary 
relief.  Wc  felt  justtRed  in  encouraging  htm  lo  hope  for  favorable  results  from  treat- 
roent  hy  electri/atlun,  With  admirable  perseverance  and  promptne^  he  continued  to 
visit  us  for  two  months,  never,  in  a  ^ngle  instance,  f^iiMng  to  keep  an  appointment. 

At  first,  general  applications  with  the  fsTadic  current  were  given  every  other  day. 
At  each  silting  he  seemed  much  invigorated*  am!  for  several  hours  he  experienced  » 
degree  of  strength  and  lightness  of  spirit  such  as  he  bad  been  a  stronger  to  for  yeiir\. 

These  efTects,  however*  reined  but  temporary,  for  the  old  lassitude  invariably  r«- 
turtiedi  consequently,  after  three  Weeks  of  ttcfl-tment  with  the  faradic^  wc  res*irt«J 
to  a  weak  galvanic  current. 

The  negative  pole  was  applied  to  the  epigastric  region,  ajid  {he  positive  to  the 
back  of  the  neck,  near  the  seventh  cervical  vertebra  and  dso  along  the  anterior  bordei 
t>f  the  scalenus  anticui^  muscle,  in  order  to  lUlect  more  thoroughljr  th«  gr««l  tja^ 
pAthetic  and  pneumogasiric. 
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Sponge  electrodes  were  used,  and  the  applicatigns  were  prolonged  sufl6ci*ntly  t« 
produce  nn  jiitcnsr  rcdne^  imd  tm  ncute  burnitig  sctisalion  under'  tliem.  By  thu 
■heibod  ihs  immediate  eRects  were  not  w  marked  as  when  the  faradic  current  wai 
ttsed,  but  the  relief  afforded  wa*  more  pcrnianen;. 

For  the  first  time,  his  ^eep  became  more  quiet  and  »juiid,  and  daring  the  day  ful> 
low'mg  an  application  Ue  was  able  tu  exercise  both  tnind  and  body  harder  and  longs 
than  usuaL  He  now  uibniittcd  Lo  trefilment  by  galvanization  every  day.  Week 
by  week  he  gained  very  perceptibly  in  vigor^  unlit,  after  having  received  the  gaJvaoie 
current  some  twenty-dve  times^  lie  left  us  to  spend  the  summer  mantUs  amung  thr 
mountains.  Ke  did  not  discouiiiait:  treatment  wilb  a  nervous  syatem  perfectly 
ttrengiheneJ,  but  he  had  regained  approximately  the  usual  portiun  of  mental  and 
physical  endurance  enjoyetl  by  persons  of  his  year*.  W  hereof  before  trcAtraent  by 
tlevtriutiun,  he  wil&  not  able  to  walk  half  %  mile  without  fatij^ue.  nor  read  more  [lian 
ten  or  lifteen  mmute^  vrlthout  suBering  from  nervous  Irtieability,  after  treatment  he 
enjoyed  and  derived  benefit  from  walkijig  several  miles  la  tlic  day,  and  could  con&oe 
himself  to  a  book  for  on  IioUT  or  two  without  experiencing  any  symptoms  of  mental 
eidiau<ition. 

At  the  date  of  writings  1374,  the  patient  enjoys  a  fair  degree  of  health,  and  dainu 
to  have  retained  all  the  benefit  he  derived  frntn  treat ment, 

Nfurasthenia^  com^hcateel  with  arfermia^  dyj^^io,  s^inai  irritaihn^  anif  Ay^Aon- 
drtAsiSf  tritiStd  ify  geturai faraJisation  and  central  gahiattisittton — Imprffvemtni 

Case  VIII.— Mr.  1^  ,  a  tall,  spare  man,  aged  about  50,  was  sent  to  us  by  Dr.  Gurdon 
Buck,  He  was  a  gendcman  of  wcallli  and  leisure,  and  for  several  years  had  been 
eniuely  free  from  any  of  the  cares  of  active  buamess  life.  He  was  frequently  troubled 
irith  indigestion  At  times  he  would  seetn  to  regain  some  vigor,  and  would  exer- 
CJK  to  a  considerable  extent  without  experiencing  inconvcnleiicCf  but  2S  a  rule  the 
EQOSt  ordictary  oiental  physical  exertion  was  followed  by  extreme  cxhauiitiQn. 
Pains  ijt  the  lumbar  region  of  the  back  were  of  frequent  occurrence^  especially  after 
passing  a  sleeplesis  nighty  There  wai^  howevet,  no  spinal  tenderness.  He  was  a  good 
barometer  — an  cast  wind  would  almost  drive  him  to  despair^  and  so  long  as  it  tasted 
he  could  hardly  mu^te^  streugth  or  Incl LnalLua  to  leave  h'l^  couch.  Ah  %oon  »ff  the 
wind  changed  and  the  sun  appeared,  he  observed  an  Immediate  oioelioralioD  of  his 
dreadfully  depressed  condition. 

Our  patient  experienced  Che  exliilaration  that  so  frequently  follows  a  general  ap- 
(litcation  of  the  farad ic  current. 

Although  at  first  this  tnvigoration  was  of  but  temporary  duration}  the  eflects  of  tba 
treatment  were  grttJually  prolonged  after  each  sitting,  until,  in  a  much  shorter  timtf 
thui  is  unully  t\vt  ca&e  in  conditLan&  such  as  the  one  under  consideration,  the  patient 
enjoyed  a  good  degree  of  hcaltlu 

During  damp,  eaervaiing  days  especially,  central  gaivanizatlon  prevented  cxhauv 
tijn  far  more  &ui:ccssfuJly  than  faradisation.  The  patient  retained  the  nervous  vigo« 
that  he  hod  gained  for  many  montiis ;  sub^queacly,  however,  be  relap&ed,  and  again 
placed  hinuelf  under  our  core.  He  was  decidedly  benc&ted  by  this  second  course  of 
treatment,  hut  not  to  the  same  extent  as  it  first.  Wlien  last  seen  he  had  retained  • 
measure  of  improvement,  but  was  cxtraordiDarily  atuceptiblc  to  atnaospheric  changes 
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^irv0ta  ishauitixin      hng  UAHantg^  associated  with  ttvtrt  Hiuralgia^    SHght  r« 

ntatii/^sUti  hy  rapiJ  tmpr  jv^fH^Ht  in  a.iS  ktf  syM/tjmj,    (See  p.  294. ) 

C'Asfc  IX, — Mrs.  3.»  a  yf*un!f  maritcd  lady,  !ia  I  for  a  long  time  suffCTed  mott  in- 
tensely  fruni  piiti^  of  a  tieufali^rc  diaraeter  lUt  hcii  i  wslh  the  beat  of  grealest  suAer- 
Ingf  ftUhough  the  dtatr^  eietcnd^  with  mofc  or  lcs»  ievent^  10  every  i>iiri  of  tJie  body^ 

Her  sLreii^tfi  was  much  redu'jetl,  so  tliat  she  was  unequal  (u  the  &li^tiie%l  cxertiiva 
beyond  u  few  orJmaxy  hou^eholLi  duties  aiid  an  occa^ioual  walk  in  I  he  aliect  of  one  oc 
tma  MucUik.  Not  the  slightest  evidence*  arait^nnit:  di&ea!^  could  \k  (tiscavcred  hj  hei 
phjsiciflfi,  Dir_  (jcori;c  A.  Pctcis^  wlia,  Imving  seemingly  exlmusicd  the  rcaouccea  of 
medU'lnCi  requested  us  lo  iry  llieefhc^cy  of  &ome  method  of  electiiiation. 

As  the  extreme  dehility  was  eviJe^iUy  ihe  pruximaie  cau»  uf  the  neuralgia,  we 
lecided  upon  geneTil  fiiadiw.lion  as  the  proper  incthou  of  tt  eitment,  and  accoitdingty 
tubmUled  her  to  a  very  gciille  appJkiLiiu]].  She  was  ovic  of  tlrase  j»Licnts  frequently 
encuuntcred,  who  arc  so  su&ii:cptililc  to  the  cufreiU  that  it  'was  oui  turn  to  give  of  the 
electritral  influence  the  mtiiiinum  that  could  be  actually  Tdc  by  the  (miicnC,  mb«r 
than  tb?  tniuirnum  that  it  witi  po^ible  for  her  lo  bear  withuuL  ileci-Jed  dlicomlorl- 

During  the  munths  of  October  and  November,  1S70,  we  ^javc  thirly-six  applications, 
which  somewhat  lessened  tile  sccerily  and  frcqticncy  of  the  pain,  without  xppreciabtj 
uuproviiiy  her  ^trenji^tlL  We  prupuM-'d  her  ph^Siciaiif  ikL-rcrure;,  to  discoGllfiuc  our 
«fl'QrL&  fur  a  while,  hoping  tlmt  the  Favorable  aTier-elicLts  uf  elect lizatigu,  tbm  are 
•o  uftcn  wen,  would  show  ihemsclvei  in  ihU  case.  Wc  were  nut  disappoLnlod, 
The  patient  soon  bj^aii  to  anicntJ,  until  the  tiitprtivemeiU  was  mo^l  marked,  botb 
in  the  ahuOht  Loniplclc  cc^satloa  o(  the  ELeuralgia'  and  in  ati  approximale  return  of 
iiarmal  itteti^lh. 

Spinal  Irritafion.S^xw^  irritation  Is  one  of  ihose  names  whidii  like 
hystcriii,  have  become  the  recognized  property  of  the  profession,  at^aiiitt 
the  victual  or  implied  ])rolest  of  nearly  all  who  employ  \\.  It  U  a  part 
of  the  hysterical  curistictittoii. 

The  term  spinal  irritation,  originally  proposed  by  Dr.  Brown,  of  GUs- 
gow,  and  di-scribed  and  illustrated  in  detail  by  G.  T.  P.  Teale,  in  1839, 
and  the  Griffin  Brother*  in  1844,  is  now  pretty  generally  understood,  in 
England  and  America  at  Eeastt  lo  express  a  tolerably  well-defined 
morbid  coudition,  of  which  one  of  the  principaJ  symptoms  is  spinal 
tenderness* 

DiffcrtHtial  Dut^msis, — ^Spinal  irritation  almost  always  form^ia  pari 
c'  hyifteria  and  neuia&theniaf  cons^iiluting,  aa  it  were,  a  subdivision  01 
accomiJaniment  of  theni,  and  is  only  entitled  to  the  honor  of  distinct 
nomenclature  by  itself  sM^'/i  thf  spina!  tenderntss  and  the  symptoms  that 
direct fy  flow  Jrom  it  ovtrshadoiu  other  accompanying  cmditiofts.  Close 
examination  woiiM  reveal  that  very  ttiany  of  the  caiseB  in  practic:e  that 
are  variously  cUssiRed  under  hysteria,  an^i^miat  eta,  have  a  snffieienily 
marked  tenderness  of  the  vertebrae  to  be  regarded  as  exampks  of  spinaJ 
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irritation;  and  if  treated  accordingly,  would  recover  more  rapidly  thai: 
under  the  methods  usually  employed.  The  besjt  conrumaiioa  uf  the 
dia^noi&is  is  the  very  favorable  result  of  judicious  and  varied  treatriient 
devoted  specially  to  the  tender  spots  on  the  spine. 

Between  spinal  irritation  and  spinal  meningiti>i  or  congestion  the  dis- 
linctJcn  is  oftentimes  purely  one  iii  ptrmantme  and  dtgrie.  In  both 
couditions  there  may  be  pain  and  heat  in  the  spine,  neuralgia  or 
paralysis  of  the  limbs,  plantar  heat  and  annesihtiMa,  constipation,  feeling 
of  pressure  or  constriction  in  the  chest,  and  stiffness  of  the  neck,  etc. 
it  is  distingiiisiied  D-om  myelitis  by  the  absence  of  other  necessary 
symptoms*  The  contractions  of  uuscies  in  spinal  irritation  arc  leas 
painful  than  those  of  myeUtis. 

Pai/tolo^y, — In  spinal  irritation,  as  in  cerebral  irritation,  it  ia 
probable  that  there  may  be  either  anaemia  or  hyperemia.  That  many 
of  the  cases  of  spiiml  irritation  depend  on  passive  hyperacmia  of  the 
cord,  is  rendered  probable. 

I.       the  feeling  of  heat  and  burning  at  the  seat  of  the  irritation^ 

3.  By  the  fact  that  this  pain  is  increased  at  ni^ht,  when  the  patient 
IS  in  a  reckunbtjnt  position. 

J.  By  the  fact  that  it  i:s  relieved  by  measures  that  relieve  congestion, 
as  dry  and  wet  cupping,  and  by  blisters  over  the  tender  vertebrae. 

On  the  other  hand,  reasoning  from  analogy  and  from  what  we  know 
of  the  relation  of  the  sympathetic,  it  is  proper  to  assume  that  anxmiainay 
account  for  many  of  llie  phenomena  of  spinal  as  of  cerebral  irritation. 
This  assiiniption  is  strengthened  by  the  fact  that  very  many  of  the  pa- 
tients who  have  spinal  irritation  are  more  or  less  anijemic.  And  yet, 
reasoning  from  the  history  of  [he  cases,  and  from  the  results  of  treat- 
ment, we  are  inclined  to  the  opinion  that  anicmia  exists  only  in  a 
miiiyrity  of  the  cases  of  spinal  irritation ;  that  in  the  majority  of  instan- 
ces there  is  more  or  less  at  least  temporary  passive  congestion  of  the 
cord  and  of  its  membrane ;  and  that  jd  all  cases  of  doubt  it  is  safe  to 
issi-.mc  the  existence  of  hyperaemiaf  and  to  guide  the  treatment  accord- 
ingly. 

It  is  not  necessary  to  assimie  that  this  hyperasmia  of  the  cord  is  a 
constant  condition.  Except  in  the  severe  and  long-standing  cases,  it 
is  probably  not  so,  but  is  more  or  less  evanescent,  temporary  and  rue- 
taitatiu  This  may  distinguish  it  from  spinal  congestion,  which  is  a  fixed 
condition.  Temporary  congestion  of  the  cord,  as  of  the  brain,  the  geni- 
tals, the  eye  and  the  ear,  may  perhaps  be  easily  excited  by  irritating 
causes*  It  is  not  unreasonable  to  suppose  that  anemia  and  hypensmia 
may  alternate  in  the  patient,  and  in  the  same  day  rf  hour. 
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BUctfic  examhiaiion  in  spinal  irritation  may  sometimes  rc/cal 
der  spots  on  tlie  spine  that  are  not  indicated  by  pressure. 

Treatment, — Electric  treatment  consisis  in  general  farailijsation^ 
vanizarion  of  the  spine  and  sympathetic  and  central  galvanization. 

Our  experience  in  a  great  number  of  cases,  since  the  first  editio:^ 
this  work,  convinces  us  thai  in  galvanization  of  the  spine  the  pos^ 
pole  acts  better  than  the  negative  in  the  treatntent  of  this  affection, 
depend,  however,  on  localized  galvanisation  alone  is  illogical,  since 
disease,  though  for  the  time  siiecially  localized  in  the  spinal  con 
usually  simply  but  a  development  or  manirestaiion  of  tJie  nen^ 
diathesis,  in  which  the  whole  system  shares. 

prognosis. — Under  electric  treatment  aJone,  the  prognosis  of  spt 
irritation  is  usually  favorable  for  a  relief,  and  sometimes  for  perman 
cure. 

It  is,  however,  of  great  advantage  in  all  severe  or  long-standt 
cases,  to  combine  with  electrization,  counier-irritalion  (very  small  bis- 
ters, or  tartar-emetic  ointment)  over  the  sensitive  vertebr3e,  aud  the  *^ 
ternat  administration  of  phosphorus  or  other  stimulants. 

Comparative  rest  of  brain  and  nuiscles  is  an  important,  though  i»«>f 
indispensable,  aid  to  treatment.  The  disease  is  quite  prone  to  relapse, 
especially  under  bad  hygienic  surroundings.    Under  combined  treaf- 
inent,  consisting  of  blisters  to  the  spine,  phosphoms*  strychnia,  and 
electrization,  the  majority  of  cases  will  rapidly  improve. 
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Spinal  irriiaiisn  ef  four  years'  sianMng^  with  fxcesrivt  tend f mess  in  Shg  hmt^ 
regiaH — D^ided  rilief  from  general faradt%atiom. 

Case  X. — ^Mrs.   ^  aged  24,  was  seut  to  us  Jdnuary  4,  iS68,  l>y  Dr.  Sewtl)  !*> 

be  Ireated  for  pain,  with  most  excessive  lcut1ernc.^:i,  over  the  lumbar  vertcliric.  The 
Eymptorns  had  bheea  parLlculorly  distressing  sicce  her  conlrnenficntf  two  raunths  prfr 
vious,  but  had  annoyed  her  more  or  less  for  four  yearv  Unked  with  this  spuiiv]  teO' 
derne^  there  was  cotisLJcrablc  debility^  that  luade  a  walk  of  half  a  mile  a  hunkn; 
gastric  uneasiness^  feeble  appetite,  insomnia,  (lod,  b  generat*  th«  ch«r»CteRttk  fei^ 
tuies  of  the  nervous  constitutloa. 

Kiecirii  exatttinatian  revealed  a  very  great  tendcmess  over  sevenil  of  ihe  Imabtt 
ertcbnc  ;  only  a  fcebk  cuneiit  could  be  bume  it  all,  even  with  Urge,  soft  spcmgcv 
No  other  abnormal  condition  was  found  beyond  a  geoeral  hyp<nc^bc»a»  vrbidi  it 
osuiLl  Ln  such  cases.  The  tenderness  was  &o  great  that  even  the  weight  of  the  band 
wAj  distressingly  painfuL 

We  be)^  Ue&tnkenC  by  geneial  f^raJizjaLtian,  wiih  special  teterencc  to  the  Ccndei: 
q>ot  in  Lbe  spniic.  At  this  locality  we  used  a  stable  increasing  cunrcnt,  besiniung 
w'th  A  current  scarcely  peic^ptible,  and  uicreasing  the  strength  up  to  the  p^iuit  tKrben 
it  could  t>c  comfortably  borne.  The  patient  shortly  improved  under  this  LTcatmail, 
though  not  without  relftpses  whenever  »he  attempted  any  iiaportaot  cxerliun,  Fioic 
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week  lo  week  the  tenderness  becamft  ttsi  markeclf  until  the  vertebrae  were  no  longct 
painful  under  motlerate  pressure,  and  a  much  more  powerful  current  could  be  boroo 
with  ca^e.    Agreeable  temporsiry  relief  followed  each  application — an  observqdpn 
which      have  frequently  made  in  spinal  irritation. 
A[  the  end  of  two  monlbs  Ihe  patient  w»3  dismissed  very  much  benefltedi 

Hy^r<ttth€siA  &/  the  e*nfkat  and  upptr  lumbar  wrtt&ra  sauted  by  assure  iJU 
tHH —  Great  sn^cepHhiUty  /«>  electrksty — Impr&vtmtni  Under  general  and  t&caliMtd 
/artidiuiliffft  and  gaivaniEatioti. 

Casr  XI.— Ilev.  Mr,  F.,  aged  was  referred  to  our  <?are,  March  9,  1S6S,  by 
Dr.  CurJan  Buck-  For  &everil  moaths  before  he  hud  been  compl^miitif  uf  pain  and 
heaviness  m  the  back  oF  the  neck,  that  had  compelled  him  to  resign  bis  pastnral 
thwge  and  abMain  from  all  Bustained  mcnUl  exertion.  The  symptoms  dated  from 
an  exposure  to  the  sun  on  a  very  hot  day.  The  patient  was  large,  tall,  wdl-formecl, 
uid  apparently  very  robust.  All  the  functions  xcmed  lo  he  tolerably  well  perform'- 
ed  ;  but  stts|aini(;d  mental  exertion  was  almost  impossibles  He  had  bcc^n  treated  faitb- 
fully  by  corniter-irritation^  in  the  shape  qf  wet  cupping,  and  hadderivedpoMtive  benefit 
therefroiin, 

Eleetrk  txamiHaiion  indicated  some  tcnderncM  on  the  upper  cervical  vcrlehrse, 
and  (Uw  in  the  appcr  lumbar ;  but  this  lEiidcmcss  was  not  escewve,  m(\  a  current 
of  fair  strength,  w  far  as  the  vertebra:  were  concerned,  could  be  readily  borne  with- 
out discomfort ;  nor  were  the  vertebrae  50  pamful  as  they  somclrmes  are  found. 

But  in  one  respect  his  beliavior  qnder  the  electric  cxaminatipn  was  pctuliar,  The 
sensation  produced  by  a  mild  galvanic  current  over  the  upper  cervical  veUchrz  wa« 
punfully  felt  in  )he  forehead,  indicalin^j  a  morbid  irritability  of  the  central  nervous 
^^^em^  since  in  health  stich  a  phenomenon  does  not  appear*  That  this  mD'hitf  irri- 
tatuUty  was  m  *.>me  way  related  to  the  sympathetic,  or  that,  at  leasts  the  symfdkthe- 
tic  was  the  meilium  throiigh  which  it  was  manifctledr  wm  rendered  probable  Sy  the 
l^ct  that  mild  faradijsiiion  or  galv4nUa[ian  of  the  affected  part  cauwl  a  very  pro- 
fuse perspiration  on  tlie  hands  and  feeC.  This  same  eflcct  we  have  also  observed  in 
a  cose  of  hysteria* 

Strong  as  the  patient  appeared  to  be,  it  was  neces&ary  to  treat  htm  with  mild  cur- 
rents and  short  appbcalions.  By  turns  and  in  succession  we  tried  the  various  methods 
of  eleclri/alion,  with  both  the  fara^iilc  and  galvanie  current^  and  with  important 
though  not  brilliant  results. 

After  a  treatment  extending  by  intervals  through  three  monthi^  the  patient  left  for 
a  vint  In  England,  where  he  remained  nearly  a  year^  still  Uowly  improving. 

Great  susceptibility  to  electricity,  as  in  the  above  case,  is  frequently 
obbervetJ  after  sunbtroke* 

d  ehronit  e^ndiiion  0/ irritation  and  Aypcrastkttia  af  the  tpinai  eord  greatty  Bene^ 
Jlitd  general  faradiKfim^  in  eonJunctiQn  witk  galvani nation  9/  the  eympatht* 
lie  and  s/irte* 

Case  XIL— A  yown^  lady,  daughter  of  a  physician,  who  haJ  suffered  for  many 
months  from  symptoms  both  of  congestion  and  irrilation  of  the  spinal  cord,  v^ia 
placed  under  our  care  by  (he  advice  of  the  late  Dr.  H-  D.  liulklcy.    Tenderness  wai 
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muiifesl  over  th«  cenFl:Al-dor&a]  and  lumbar  regions.  The  patient  cDmplnined  of 
(hnrinc^K  of  hrrath,  numbness  and  ttngtlng  in  the  hinds  and  ftctp  coogh,  nau<<a«  will 
ncuralpc  pajns  around  the  loins  and  m  ihc  extremiliet,  A  very  decided  Jo9B  oI 
pfiwfT  was  irtanifcst  in  ihc  lower  Umb%  so  that  it  was  tmposslble  lo  take  more  thaa 
a  few  Lurns  around  the  room  witliout  fatigue.  Under  the  tonic  influence  of  twenty 
general  applications  of  the  faradlc  current,  the  paitent  very  decidedly  improvctl 
The  tenderness  along  the  spine  decreaaed,  and  in  the  cervical  tegioa  disappeared  ftUo- 
getlier. 

The  shortnes  of  breath,  the  numbneas  and  tingliag,  (ogether  with  Ihc  neunUgic 
pains  liecame  le»  marked^  while  the  strength  so      impruved  that  she  waA  &bk  dailt 
to  ta.k9  ^hort  waUu  of  several  blocks,  and  to  ascend  Ihc  statu  with  corapu>itive con 
fort. 

We  now  retried  to  the  galvanizzition  of  the  iymjtiithelic  and  the  spine — apinal- 
rnrd  current — which  were  fullowed  by  an  improvemetit  more  marked  than  U  was 
passible  to  obtain  from  the  faradic  current  alcme. 

The  above  patient  subsequently  relajised  after  a  severe  fall  and  was 
again  treated  with  great  perseverance  and  even  better  results^  *o  thai 
she  is  now  in  perfect  health,  and  is  indeed  unusually  vigorous.  The 
ca,se  illustrates  the  record  that  may  foUow  great  perseverance  in  dec^ 
tricol  treatment. 

A  €&n4tti<fn  6/  tiitgiing^  p^khng^  and  a  diipmtiQH  tff  /arsfyiu  af  the  Ugu 
d^Mi  OH  irritaiion  and  hyperttmia      the  £i>rd^,  d^iJidly  rtlk^ed^  gaUmmiMotitm 
isf  the  symp^hetu  and  general /arsdiM^i^n. 

Case  XtlL  — Mrs.  W.,  agci44t  wtioae  physician.  Dr.  H.  Gri^ory,  advi»<l  treat- 
meni  by  elect rizatiaD,  wa^  aittk-rtnif  iunii  pricking  ■^tv^AXiow^  in  the  aims,  and  &QtB 
tingling  and  numbness  of  tUe  lower  limls  anti  feet.  In  the  ley^  also,  tlicre  wua 
decided  *' dir/hattiian  "  toparaJysis^  as  manifeMed  by  a  feeling  of  weight  In  the  effort 
of  wtlkUig, 

Pressure  along  the  spine  diiclosed  a  tender  point,  at  about  the  third  dona]  and 
second  lumber  veriebrte.  These  conditions  of  tendemc^^,  tingling,  and  wei^tit  in  ib« 
lower  hmb^  seemed  to  indicate:  not  only  an  [riLtatton,  but  also  a  h)-pcrxnufi  of  the 
spinal  cord.  Galvanimlion  of  the  s-ynipathetk  and  mitd  general  appiicalions  of  the 
f«r*(lic  current  were  foJloi^ved  by  a  marked  amelioration  of  these  symptomv 

The  Limlift  especially  progressed  ra^HcUy^  and  after  eight  applicatioDB  becaioe  ^uite 
ftrong,  and  were  i]uue  relieved  of  the  aoEesthesiA.  Some  tcttdeme^  along  the  course 
of  the  lupine  &till  remained,  with  occasional  tiaglmg  tn  the  extrennicies,  but  not  suffix 
cient  to  occasiun  the  wme  annoyance  as  before. 

S^uai  irritatt&n  of  several  ye^rt  standing — Recrtftwy  tg  rider  t^nal  ga/vattMiifm 
&nd  gener^ /aradiMafiait. 

Case  XIV, — Miss  a  patient  of  Dr.  Gregory,  wis  referred  to  us  witli  evidences 
of  irritatiun  the  whole  length  of  the  cord.  Under  iix  weeks  of  treatment  l>y  ^piaaJ 
gilvanttation  and  general  faradixation  the  patient  markedly  improved  in  all  he^ 
^mptonu. 
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The  lender  points  *long  ihe  Fjiinc  mostly  disappeared,  ind  after  the  ct5SJ.tmn  ol 
ruralmeiit  she  coiilbiutfiJ  to  improve  unLit  recovery  was  appro simately  complete. 
Tiic  sFyinptgms  were  of  sewr*J  yenri*  stwiding. 

Sffinai  irritatufn  of  two  jtear/  tianding—I^tffrvery  uminr  sfiimtl  gahfOMlvitiam, 

Ca'*e  XV. — MissS  ,  an  irimattf  of  the  New  Vork  State  Wi>mari\  Hospital,  vt.is 
ajtectcJ,  tn  Jiildition  to  uterme  dU<!aL^,  with  ^iievei:*;  anj  jtcraiateiit  ^piiiaJ  irritation 
oveT  twt>  yeaii*  sTandini^ 

Spinal  ^Ivflnuation  repeated  a  doua  Wmtt  during  the  course  of  a  month  cffeclu< 
ally  avcn;aine  the  eiicessiYe  trrilation  of  the  cord,  and  resulted  in  greatly  increased 
UrCBgih. 

In$<tmnut.—\mo\m\\i!i  is  a  syraptom  which,  with  greater  or  Jess  iini- 
fomiiiy  and  seventy,  accompanies  nearly  all  forms  of  disease. 

It  is  a  symptom  of  such  an  indefinite  variety  and  complexity  of  pa- 
thological conditions  that  it  is  manifestly  itnposstble  to  treat  it  with 
anything  like  nnifonn  success  by  any  one  coticeivable  form  of  medica- 
tion ;  but  of  all  the  rcmt-'dics  that  have  yet  been  tried  there  is,  we  be- 
lieve, no  one  which  penmnently  relieves  the  symptoms  in  so  large  a 
proportion  of  cases  as  eleotrizatiorv  The  effects  of  electricity  on  the 
sleep,  whether  used  in  the  form  of  general  faradization,  or  galvanization 
of  the  head  and  cervical  sympathetic,  are  both  temporary  and  perma- 
nent The  temporary  relief  that  appears  the  night  or  two  following  an 
apphcaiinn,  though  iisiially  far  less  potent  than  those  of  brotnide  of 
potassium  and  hydrate  of  chloral,  are  yet  very  decided  ;  but  it  is  for  the 
/VrmtiH^'/f/ rt^lief  diat  electrization  is  chiefly  indicated  in  this  symptoia. 
This  conies  gradually,  slowly,  and  as  a  result  of  the  improvenjent  of  the 
morbid  condition  on  which  the  insomnia  depends. 

A*  hn,3  been  stated,  improvement  in  sleep  is  one  of  the  earliest  ef- 
fects for  which  we  look  during  a  course  of  treatinetit  by  general  electri-^ 
zation.  In  a  wide  range  of  diseases  sleep,  to  a  certain  extent  and  with 
cxc^]icions,  may  be  regarded  a$  a  ihernionieter  of  healih.  When  all 
other  bodily  functions  are  well  performed,  the  sleep  is  usually  sound, 
calni,  and  refreshing  ;  when  it  becomes  painfully  and  persistently  di^ 
ttirlied  by  dreams,  or  is  long  absent,  we  may  suspect  actual  or  approach^ 
ing  disease. 

Tempoiary  loss  of  sleep^  that  comes  from  temporary  anxiety  or  frorr 
neuralgia  or  other  pain,  is  usually  relieved  with  the  removal  of  the 
caijse,  ant]  only  demands  special  medical  treatment  when  it  is  long  con 
dnued. 

The  treatment  of  insomnia  is  really  the  treatment  of  all  the  diseases 
on  which  it  depends.  For  those  cases  where  simple  wakefulness  exists, 
tw  accompanied  by  any  other  symptom  of  recognisable  disease,  Wf 
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ma)'  use  either  galvanization  of  the  syiupathetic  or  in  the  head,  or  faift 
duAlion  of  the  h^ad  and  spine,  or,  beUer  than  all,  general  faradization, 
for  somnolence  is  a  result  of  all  these  methods  of  elecmzation.  It  if 
not  even  i^ccessary  to  ma.ke  the  applications  to  the  head,  the  sympathe' 
tic,  or  even  to  the  spine,  in  order  to  produce  sleep.  Simple  periphera] 
galvanization  or  faradisation  Mnll  produce  this  result,  and  in  some  cases 
to  a  verj'  marked  degree.  This  must,  we  suppose,  he  explained  by 
reflex  action.  In  case  of  rheumatism  of  the  hip-joint,  which  we  once 
treated  by  galvanization  through  Che  joint,  the  &0|)on^c  ctTcct  on  the 
patient  was  so  marked  that  he  fell  into  a  profound  slumber  before  wc 
lad  time  to  leave  the  house,  in  less  than  ten  mmuies  after  the  Ap- 
plication was  over.  In  another  case  of  infantile  |>aralysi$  the  mothei 
reporlcd  that  the  child  slept  soundly  for  two  hours  or  more  after  eact 
sitting,  although  only  the  limbs  were  galvaniiced. 

FtrsisUnt  injammit  aftrr  fhitd-hirth — An  affptkathn  &/  iht  furadic  emrreni  t9  tM 
htad  ttnd  sfiim  ti  foiiawed  by  sit/p  of  jevtftti  Itours. 

Cask  XVI.— Mrs.  A,,  aged  30,  of  a  highly  nervaus  ckrgtnixfttton,  gave  Inrth  to 
ber  firsi  child  After  a  lAtK>r  of  t6  hours.    So  f^eaC  was  the  disonJer  of  her  ncnroui 
wpA^Vdt  that  for  5  ibys  and  nigTUs  she  was  unable  lo  close  her  eyes  in  sloc|>.  Her 
dilion  WAS  ino&t  di^ttrrs^ing,  aA<l  reclined  all  efforts  in  the  way  of  meJicntton. 

It  WM  KgTwl  d)aC  a  mihl  Application  of  \)xt  farndic  current  should  be  apjiJied  to 
the  head  and  dovv-n  the  sijine.  Tlae  result  was  most  decided  and  gnitirying,  since  a 
ll«p  of  several  hours,  deep  anJ  refrc*.hmgj  immedialcty  fdltowcd.  It  is  proper  to 
lay  that  jiiih^cjiicnt  apjilic^iiimti  dui  not  have  the  sam;  decided  cfTecti  atthau^h  \hty 
evidently  strcn^fthcried  the  nervoua  system  of  the  palicRt  and  greatly  nided  in  diai- 
patiii];  ihc  condition  of  tnsoinnlgu 

/t$ffmttia  fif  maniJks*  stixnJing-  immtdlaUty  reiirved  by  gener&l farndiiniian. 

Cask  XVH* — Mrs,  C,  a  young  married  lady,  was  dirccteri  to  H5  by  Dr.  Ji  Marian 
Sims,  who  wai  Ireating  her  Tar  uterine  difficulty.  She  was  siiflerlng  acutely  from  in- 
tomnin.  and  U  was  hnpcd  thmt  some  form  of  dectri^tion  might  prore  !>eneficiat, 
more  e5[>ecifl]ly  since  she  had  pjeviously  been  relieved  by  the  application  of  electricity, 
tllhouyh  ]t»  fttlminUt ration  had  been  without  method.  We  subjected  her  to  the  most 
thorou]fh  fcjrm  of  ^neral  farad ixation,  directing  especial  nitenlbn,  however*  to  the 
head  and  neck.  The  .ipplicati^ns  were  admini-ttered  on  five  successive  days,  and  during 
each  the  [ollowing  nights  the  patient  enjoyed  uninterrupted  aad  refrshmg  lieep. 
Ai  to  the  permanency  of  the  effects  wc  are  not  inforfned. 

Imi9mni<t  9/  ffveraf  mm/A/  duratitm  relUwd  nttder  trtatm^i  4y  genrralfara^ 
taiioH  and  ^/t/vamsait'^  ef  tht  braim 

Cass  XVH  L— Mr.  J,  D.,  aged  65,  was  referred  to  ui  hy  the  late  Dr.  J  C,  Nof 
lor  the  rdicf  of  innmnia  of  such  an  obstmaie  character  ai  to  threaten  serious  crane- 
quenccik  He  haJ  suffered  a  few  months  previously  from  a  severe  attack  of  congesti¥e 
rhUl«.    Prom  the  effects  of  these  he  had  approitimately  recovered.    H*s  strength  and 
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were  fair*  but  as  li  wait  sometimes  impossiHe  For  him  to  ste«p  mote  than  as 
two  during  (he  whole  night»  flc  Wfts  fast  merging  iiito  a  nervous,  excitable  coD* 
dition.  The  pnEicm  was  treated  by  bnth  yeneral  faradixatiQii  and  ^Ivanization  nf  tht 
brain^  He  v^ry  gradually  improved,  and  aL  the  end  of  a  caonth'fi  treatment  be  wai 
enjoying  (in  and  .six  hours'  coatinuous  sleep  every  night, 

/fU^mnia  fotisming  menstruation — General  /aradisaiian  affords  immediate  rtlief^ 

Case  XVII]ii. — Mr&  B,,  ajed  40,  sufiRered  an  unmiial  loss  of  blood  at  eocli  mea- 
trufl-l  pcHod,  wbicb  was  followed  by  uhstiinate  Insomnia  during  the  sttccccdiny  two 
weekv.  General  firailization  was  essayed  for  thereUefor  the  sleeple^ness,  ftsnd  wai 
entirely  succe^ful.  Three  or  fuiir  nppUcattons  after  each  period  was  sufficteat  Co 
promote  calm  repose  until  the  next  EIom*. 

Astraphobia  ((Mrrpaij^  lightning  and  iftopo^  fear  ^).— Some  individ- 
uals,  especially  those  of  peculiarly  impressible  organizations,  are  not 
only  unt>lcasantly  but  senotisSy  aiftrcted  during  thnnder-siorms  that 
are  attended  by  vivid  flashes  of  lightning.  They  sufler  not  only  dis- 
tressing ftrar*  but  posiiive  pain  in  the  head  or  stomach,  that  leaves  them 
tn  a  condition  of  exhaustion  that  may  last  several  hours,  or  even  two 
or  three  days. 

A  medical  friend  informed  iis  of  a  patient  under  his  care,  who  during 
thunder  storms  was  attacked  by  severe  natisea,  and  by  convulsive  at- 
tacks resembling  eptiepsy.  Under  treatment  directed  to  the  improve- 
ment of  her  general  ^system  &hc  greatly  improved.  In  bome  cases  diar- 
rhoea is  excited. 

These  symptoms,  though  most  frequent  with  nervous  people,  and  es 
pecially  with  women,  may  also  appear  in  those  who  are  otherwise  strong 
both  in  health  and  in  will  power. 

In  two  cases  of  astraphobia  of  long  standing  we  found  much  ditiiinu 
lion  of  volitional  contractility  and  considerable  an.'Bsthesia,  but  no  loss 
of  electric  inuscnlar  contractility. 

Treatment  by  the  electric  brush  and  central  galvanisation  afforded 
much  althou^ti  t^ot  absolute  relief. 


CHAPTER  XVL 


INSAKITY. 

We  have  seen  that  very  mucti  has  been  accomplished  in  the  tresl 
uient  of  hyjiochondriasis  and  melancholia  by  the  cotnbined  merhods  of 
central  galvanisation  and  general  faradization,  and,  reasoning  from 
analogy^  it  is  [jrobable  Uiat  an  important  future  is  in  store  for  the  scien- 
titic  faithful  use  of  these  methods  of  electrization  in  our  public  aod  pri- 
vate asylums. 

//  /J  not  as  wdl  rtcogniztd  as  ii  should  be  that  in  diseases  gJ  the  brain 
and  spinal  cotd^  wlurc  the  mind  is  serimsly  affuied^  the  eleetrieai  trceU- 
maii  isalsQ  indicated^  just  as  in  diseases  vf  the  same  orxans  when  fhemsnA 
is  net  affected*  In  some  of  the  asylums  of  England,  Unitt-d  States,  and 
Germany,  electricity  is  now  and  for  some  time  has  been  used  as  an  ad- 
junct to  other  remedies  for  the  treatment  of  different  forms  of  insanity; 
but  with  a  few  exceptions^  the  treatnienl  is  not  systematically  carried  out» 
aiid^  partly  through  ignorance  of  the  methods  of  application,  partly 
through  want  of  sufficient  medical  assistance  to  supervise  the  necessary 
details,  the  results  have  not  been  entirely  satisfactory,  and  the  cases 
have  not  been  fully  recorded. 

We  should  except  from  these  remarks  the  Alabama  Asylum  for  the 
InsanCt  where,  under  the  superintendence  of  Dr,  Brycc,  both  currents 
of  electricity  liavi;  been  used  m  the  treatment  of  the  patients  for  the 
past  Iwo  or  three  years. 

We  have  curresponded  with  Dr.  Bryce  on  the  subject  from  the  6rsl, 
and  have  ai  different  times  given  suggestions  in  regard  to  the  methods  of 
application,  which  suggestions  have  been  carried  out  so  far  as  possible 
for  the  already  overworked  officers  of  that  ifistituiion. 

Under  date  of  February  17  th,  1873,  he  gives  the  general  results  of 
hia  observations  in  the  following  language:  '*We  like  it  :  find  it  bene 
ficial  in  niost  cases,  valuable  in  a  majority,  and  indispensable  in  ccrtaic 
forms  of  hysterical  insanity,  in  primary  dementia,  and  neurasthenia." 

The  failures  in  (his  as  in  other  branches  of  electro-therapeutics  aret 
tn  fact,  the  logical  result  of  want  of  familiarity  witl"i  the  tnanagement  of 
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h  uteres,  of  incorrecl  ideas  on  the  differential  action  of  the  currents, 
at  i3  the  general  acrion  of  electricity  on  the  body,  and  deficient  techni 
C3i  skill  in  the  details  of  the  applications. 

For  those  who  are  beginning  to  use  electricity,  or  are  contemplating 
its  use  in  the  asylums  for  the  insane,  these  general  suggestions  may  be 
of  service  :  r.  Let  it  be  remembered  always  that  electricity,  in  any  form 
— Franklinic,  Galvanic^  or  Faradic^ — when  applied  to  the  body^  acts  as 
a  stimuhHftg  tonic  with  a  powerful  sedative  infiiunce.  It  is  an  agent 
for  improving  nutrition  in  any  condition,  local  or  general,  where  im- 
provement in  nutrition  is  required.  It  is  to  be  used  for  the  insane  jusi 
as  bromide  of  polassiunij  quinine,  strychnine,  and  iron  are  used. 

The  order  and  degree  of  its  eflfects  depend  largely  on  the  method  and 
manner  of  application,  and  on  the  constitution  and  disease  of  the  patient 
to  which  ihe  application  is  made. 

a.  That  in  insanity  the  brain  is  not  the  only  part  of  the  body  affected. 
Excluding  those  cases  of  insanity  produced  by  reflex  action  from  the 
digestive  and  pelvic  organs,  there  are  very  many  cases  where  the  spina] 
cord  and  other  parts  of  the  central  and  peripheral  nervous  system  suffcf 
as  an  effect  of  the  disease  of  the  brain. 

While  these  remarks  may  seem  but  commonplace  to  experienced 
Psychologists,  and  while  the  fact  of  the  relation  of  diseases  of  the  brain 
to  diseases  of  other  parts  of  the  body  is  continually  recognised,  when 
other  remedies  are  employed,  still,  in  the  application  of  electricity,  some 
experimenters  have  acted  on  the  theory  that  the  brain  aime  s-houid  bi 
treated.  Those  who  act  exclusively  on  this  theory  will  not  gain  great 
victories  over  insanity  by  electricity.  Some  of  the  applications  should 
be  made  in  such  a  way  as  to  bring  the  whole  central  nervous  sysierii 
tinder  the  influence  of  the  current,  and  local  diseases  associated  with 
insanity  as  a  cause  or  effect  shouM  receive  local  treatment. 

The  central  nervous  system  is  best  brought  under  the  direct  influence 
of  the  galvanic  current  by  the  method  of  central  galvanisation.  The 
method  may  be  varied  by  galvanization  of  the  braint  cervical  sympa^ 
thetic,  pneumogasiric  and  spine  ;  but  the  method  of  central  galvanisa- 
tion is  easier,  safer,  and  more  effective-  In  cases  associated  with 
debiUtyi  and  especially  in  those  forms  of  insanity  dependent  on  neu- 
rasthenia or  nervous  eithaustionj  general  faradization  answers  a  good 
purpose,  and  may  with  great  advantage  be  used  alternately  with  central 
galvanization  or  localized  galvanization  of  the  nerve  centres, 

3,  The  first  tentative  applications  should  be  very  mild,  and  the 
strength  of  the  current  and  the  ciinc  of  sitting  should  be  gradually  in 
creased  as  the  patient  proves  himself  able  to  b«ar  the  treatment* 
*7 
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let  the  folloxving  case,  although  no  permanent  relief  was  alTordet!  bj 
the  method  employed,  the  temporary  effects  were  so  sudden  and  startiioj 
fts  10  render  the  history  of  exceeding  interest : 

AiMt4  mania  of  tht  «t*jf  intense  character  existing  four  ttwttlkt — J^emar, 
effects  af  general  farodimtion. 

Cask  XIX. — Miss  K.,  n^cd  20,  living  in  Harlem,  and  a  patient  oF  Dn  JosejA 
WtHjvier,  i>f  New  York,  wvas  suffering  from  acute  mania  dalm^  frura  suppression  of  xhc 
incii^  occtiiring  four  mtjnihs  before  she  fell  under  our  care,    Slichad  alway*  enjoyed 
mo'^t  CAcellcnt  Iic^iltli — imiecd  was  rcmarkbJe  for  her  vigoroms,  rohu&t  coii'viftiition, 
Ui<l  it  nifty  l>e  actdi^i^  ihe  rudtiuiess  of  her  comple^tion.    While  watering  ihr  jjla^tts  in 
Ihe  cunscivAtory  of  her  sister,  Ucr  clothes  becaine  quite  wet  ;  she  tieglected  (u  changii 
thrill  iinmedialcly,  and  the  con^queni:e  was  a  iiupprc^on  uf  the  mcit.^[ru:ij  Hitw.  She 
compKuncil  on  the  following  day  of  severe  headache,  and  on  occasions^  during  (he  new 
vew'ks,  was  markedly  unrea&onahle  In  her  acrtinn  luid  demiuiils, 
FiiiaUy  lictive  deliritim  wt  in,  hut  with  no  de<:rea.se  of  bodily  s^tiNcngth.    At  limes 
the  was  intensely  violent  iu  her  demonstrations — scieaining  at  the  top  of  her  voic« 
«iid  lireaking  every  article  of  funiiutre  within  her  reach  ;   a$  a  consequence  iJte 
wft&  c^>iifiiied  in  a  roam  slHp|wd  oF  ils  furniture,  and  in  her  wiitlest  Riood%  ihc  strxlt* 
^kel  w*s  applied.    For  mure  than  twn  mrniths  no  sleep  visited  her  eyelids,  willioiU 
llie  nighlly  admrntstration  of  from  i>oo  to  120         of  chloral.    During  the  mornio^- 
iJic  WAS  often  measurably  quiet,  Hut  as  evening  aijproached  she  became  af>sotatel 
unjEoverimMc,  nnd  when  chloral  wa^  not  given  she  had  been  known  to  pace  around 
the  room  with  grcnt  rapidity  and  strenylh,  muttering  to  herself,  with  absolutely  no 
CC^tion,  from  *iin»*t  lo  sunrise.    She  had  decreased  in  weight  from  160  to  no  Iba. 
On  the  evening  of  the  [5th  of  April,  she  was  held  lirmly  in  position  by  sereml  power- 
ful «ssi»tant!^  ftml,  after  thoruughly  moistening  the  hair  of  the  head,  wc  Milmntled 
her  to  the  most  ihorough  form  of  general  faradiuiion  wtththc  very  smoothest  current 
utitninahle.    The  ciifrenl  was  of  great  strength,  but  evidently  in  itself  cau^^d  no  dis* 
coniforl  lo  the  palienL  That  night,  and  without  the  use  of  any  drug,  the  patient  rn- 
Joyctl  five  hours  of  the  quielr&l  sleepy  and  for  4S  hours  thcrcaficr  wai  perfectly  otiedi-' 
rnl  And  trrtdahle.    Another  paroxysm  of  violence  again  showed  itself,  and  the  same 
foriii  of  applicAtion  Wa<^  Fci'lmini^itcred.    She  Again  ^ept  qui€tly»  and  in  the  morning 
ftwtike  perfecily  rational,  but  extremely  weak  in  body.    The  day  being  bright  and 
Minny,  ft  chair  was  placed  In  the  yard,  where  she  sat  for  several  hours^  and  in  all 
cvinveitfttion  evinced  entire  freedom  from  anything  tike  mental  derangement.  Sud- 
denly, howe%'cr,  she  arose  from  her  chftir  and  ran  around  the  yard  with  great  rapidity, 
^Imt  wa>  Immediately  cupltired,  and,  when  taken  to  her  niom,  gave  evidence  of  a!)  het 
Ibrnter  dcrtini^t-ineut.    She  wa*  unusually  violent  during  the  rest  of  the  day,  but  aftrt 
thr  Bdmi*n*>lTttlinn  of  too  grfl-ins  of  chloral  (and  thh  was  effected  with  great  dUE- 
fwlly,  i>\\lini  lo  her  fierce  struggles)  she  passed  the  lalter  part  of  the  night  in  compar* 
Iktivt^ty  quirt  *lcep.    On  the  followir^if  morning  she  awoke,  wmewhat  excited,  and  re- 
W«iiie<ll  w  duiinK  Ihc  day,  white  towards  evening  she  as  usual  became  more  violent, 

ll«t>ei  ftl  faratlitntion  wa.*;  again  cHedr  and  was  attended  by  its  previous  good  effects 
fr'uttf  \ir  ftw  hours  of  quiet  sleep  followed^  and  on  awakening,  and  for  a  part  ol 
hhi  tiicowltng'Uy.  the  pftlient  was  quit«  calm  and  in  some  respects  entirely  ratioriiJ 

Not  111  prolong  ihia  description,  it  maybe  said  that  neither  general  FanuUtalion  00? 
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DOittxl  gnlvftnization  vemfd  to  t>?  suflicicni  tQ  accomplish  mure  than  is  related  in  thf 
above  d&criiitiutit  and  finally  it  failed  ta  give  marked  relief.  The  patient  was  taker 
by  her  friends  to  an  aityluin  and  passed  (torn  under  ^ur  obsemitioa. 

^eitofiame  tKsamty  in  a  mttrritd  hify^Great  mftanckoty ;  tomtant  totfping  ; 
temfifs  to  cemmii  suicide  ;  txttsmpts  at  xtarruitisf* ;  hsf  0/ jt/sA  ;  attacks  <}/  h  umb- 
tteu ;  Aeavttfg,  tftu  tHg^j  grasping^  binding  scMsatton  tn  jtomtt^h  and  ahdoftiett  t 
unititieriti  rwfatin^  f  hyjiert<ai  atta£i:t  0/  crying,  tnughtng^  aifJ  uuujuat/ Jtui-f/i- 
tibility  ta  tlxtririty — Craduat  and  lUady  rtcm*try  undfr  (^nt^al  gafvanUaihn  &f 
tkt  cervical  lym/aiAeiict  combined  with  ctfd-Iiver  oU  emuhhn, 

Casb.  XX. — Mr«,  S,,  a  married  Izdy  of  cnkldle  lire,  wd£  refeired  to  us^  Qct^bet 
19,  1S71. 

The  patient  vtm  pretty  evidently  '^ufTcring  from  menopause  rnanta*  ^f  HrvcraJ 
months'  standing,  and  evinced  no  di>position  to  recover.  She  jiltribuled  ail  her 
ajriDptoms  to  the  use  pf  the  vaginal  s^rmge,  but  there  was  no  evidence  of  thbi,  and  (be 
case  was  pretty  clearly  one  of  mania  dependent  oa  the  iacginning  of  the  change  of  life. 

The  patient  would  juver  sit  duzaH  :  tkU  day  long  she  walketl:  and  walked  the  floor  of 
the  house,  !k>metiines  standrng  n'lli  a  moment  to  took  out  of  ihc  window  or  converse 
or  to  luoh.  vacantly  Into  space;  but  never  would  fit  for  a  momcfi?  or  even  lie  down 
on  a  lounge;  at  nl^ht  only  would  she  go  to  bed. 

She  would  weep  for  honr*  togeltier,  mid  when  not  weepitig  was  heavily  depressed. 
Ho*  ruling  de^re  was  Eo  commit  ^uicLile,  and  tntjst  resolutely  she  tried  to  Marve  herself 
to  death,  but  failed  in  tlie  attempt  for  tlit  reason  that  she  could  not  resist  the  tempta- 
tion to  lake  a  bile  now  and  llien^  although  &hc  did  not  partalicof  a  reg^ular  meal  for 
several  weeks.  She  was  naturally  ver>'  ftc^ihy,  ^md  bati  lust  fifty  pounds  in  wcij^ht.  She 
tned  to  get  hold  of  the  batteries  that  were  left  at  her  house  in  order  todnnk  the  add 
•olutLon,  and  her  hu:sband  was  obliged  to  take  away  the  bottles  after  each  applica- 
tion. The  patient  had  besides  many  VBguc,  nervous  symptoms,  sudi  as  numbness  And 
teixing^  rulliivg,  heaving,  hurnin^r  binding  sensations  in  the  stomach  and  abdomen. 
Attacks  uf  unilateriil  swelling  on  the  left  jMe  came  on  at  limes,  and  the  kft  side  in  all 
rcspetta  \¥us  Weaker  than  the  riglit. 

We  sus|>ccted  that  all  the  ^ymplotm  might  be  more  or  less  reflex  from  the  uterus, 
but  the  patient  would  not  yield  to  our  su^iextion  tfaftt  som«  gynaecologist  be  c&Ucd  in 
to  make  an  examlnalioiLr 

There  was  tenderness  over  the  ovarian  region,  especially  on  the  left  side,,  and  also 
tenderne:i5  on  the  don^al  and  lumbar  vertebue,  and  at  times  along  the  entire  length  of 
the  spine. 

It  seemed  probable  that  the  patient  would  have  to  be  sent  to  an  asylum,  but  as  hei 
bnsbwi'l  was  so  sittiated  tbal  he  could  give  her  close  attention^  we  decided  to  first  ex* 
haust  treatment  by  electrictty  and  internal  medication. 

We  used  central  galvanitatinn  varied  by  galvantiation  of  the  cervical  sympathetic 
tad  spine,  and  pre^ribed  for  internal  use  the  cod-liver  oil  emulsion.  She  was  found 
to  1«  very  susceptible  to  electricity:  only  gentle  currents  and  short  applications  weie 
borne,  and  when  thus  used  the  sedative  edect  was  excellent ;  but  when  carried  be 
yond  a  certain  point  irritation  rather  than  sedation  followed.  The  applications  were 
made  on  the  average  nlmul  three  limes  a  week,  for  four  month?s  ^'th  at  first  slow  itnd 
■Imosl  imperceptible,  and  afterwards  with  rapid  improveiacnt,  and  with  ullimAte  and 
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permanent  Tecovary.  A  year  and  tnoreaflef  the  Irciitmcni  wa*  ftbftndon^d,  the 
KkJ  fully  regained  and  still  reulos  all  her  Ae^^Ji,  tiealch  &nJ  spirits. 

The  above  case  seems  to  us  to  illustrate  the  foUov^mg  paints  : 

1.  The  well  known  fact  of  the  curability  of  menopause  mBanity,  even 
when  the  symptoms  are  ol  the  worst  character.  In  the  case  of  Mrs.  S.  aU 
the  symptoms  were  bad  syitiptonis.  At  times  her  maniacal  attacks  wexe 
so  violent  as  to  be  absolutely  alarming,  and  twice  at  least  we  had  rcasoa 
to  be  considerably  terrified. 

2.  The  advantage  of  combining  medical  trcattnent  with  various 
methods  of  electrisation ,  Although  the  patient  herself  and  her  husband 
attributed  the  result  to  the  electrical  treatment  alone,  yet  in  our  own 
judgment  the  credit  shonlU  be  divided  between  the  medical  and  the 
electrical  treatment,  and  the  element  of  time  should  also  be  considered. 
The  patience  and  perseverance  of  the  husband  and  his  constant  atten^ 
tion  should  be  considered. 

3.  The  fact  that  electricity,  cautiously  used,  may  be  of  great  service 
even  when  it  is  not  well  borne.  Mrs.  S.  never  could  endure  a  long 
or  strong  application,  even  when  she  had  been  long  under  trealuient, 
and  by  some  the  case  might  have  been  given  up  as  not  adapted  for 
electrical  treatment. 

4.  The  principle  that,  in  the  treatment  of  insanity  by  electricity,  (he 
applications  should  nut  be  confined  to  the  brain,  but  should  be  made  so 
as  toaffect  the  whole  central  nervous  system,  which,  primanly  or  second* 
arily,  must  be  more  or  Eess  involved  in  nearly  all  phases  0^  insanity. 


CHAPTER  XVIL 


CEREBRAL  AND  SPINAL  CONG£51IOM 

An  exceedingly  itUerestiog  point  in  the  conslderatiQn  cf  congestion  of 
the  nerve-centres  is,  the  cliscre|jancy  between  the  observed  symptoms 
and  the  authoritative  statfinents,  in  regard  to  the  necessary  and  con- 
Slant  relation  of  certain  symi>toin&  with  that  condition.  In  pathological 
conditions  of  the  brain  and  spinal  cord,  more  perhaps  than  with  other 
organs  of  the  body,  it  is  difficult,  nay,  utterly  impossible,  to  associate 
a  long  list  of  distinct  symptotus  with  son^e  change  or  tendency 
to  change  of  structurer  and  say  that  they  invariably  e^cist  as  effect} 
and  cause.  What  we  term  distinct  variatioits  from  the  physiologi- 
cal conditions  of  the  great  nerve-centres,  so  markedly  and  undeniably 
run  into  and  overlap  each  other,  are  so  frequently  as  it  were  intertwined, 
that  it  is  hard  for  the  most  careful  observer  to  do  more  than  to  arrive 
at  approximately  correct  conclusions  as  to  the  actual  pathology.  Irri- 
tation and  congestion  of  the  cord  may  coe^cist.  Congestion  of  a  severe 
and  chronic  character  may  simulate  actual  sclerosis^  and  hysteria  asso- 
I'iated  with  a  mild  form  of  either  irritation  or  congestion  may  give  rise 
to  symptoms  of  anaesthesia  and  such  decided  impairment  of  electro-mus- 
cular sensibility  as  to  completely  mislead  the  practitioner  and  suggest 
the  existence  of  serious  organic  disturbance. 

These  remarks  will  be  more  fliJly  appreciated  by  referring  to  several 
of  the  illustrative  cases  that  follow. 

Prognosis  and  Treatment. — The  relief  that  is  afforded  by  electrization 
in  the  ordinary  fo"ms  of  passive  spinal  and  cerebral  congestion  is  quite 
constant  and  reliable. 

Galvanization  of  the  brain,  spinal  cord,  and  sympathetic  are  of  course 
to  be  used  and  should  be  attempted  with  more  or  less  thoroughness  ac- 
cording to  the  indications  of  each  individual  case. 

General  faradization,  however,  should  not  be  neglected*  There  are 
very  few  cases  that  will  not  receive  benc£c  by  its  [udicious  emplo/^ 
ment 
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Sudden  pfuet  of  eangtstioH  of  tkt  £<yrd<tiso€iaied  with  symptoms  of  irrtiathn— 
r^jvfry  faUows  gtn^al  faradimthn^ 

Cask  XXL— Mr.  U,  W.,  a  youth  aged  17,  but  exceptianatty  niaiure,  bolh  in 
physical  and  mental  endowoienttt,  was  referred  lo  us  by  hU  physician,  |)f.  John  J. 
Ciajie. 

Thiii  patient,  who  wA-s.  a  student  at  Harvard,  stated  that  some  weeks  previously  he 
hftd  atie  afternoon  walked  quite  tMi^kly^  a.cid  far  a  consklerablc^  length  of  lime,  and 
while  in  a  state  of  |>arLLii  pcr«ipira.LLaii  had  reclined  upon  the  gra(>s  until  a&ettse  of 
chilhness  warned  liim  of  hiis  imprudeace.  During  the  rest  of  the  dav,  aiid  op  rrtiiiaij 
vX  nighty  he  uhserved  no  unnMial  symptom^  but  in  the  mortiiJig  the  legs  were  fuund 
to  be  stLfTand  weak,  a.'iMcialed  wUh  a  decided  ia&5  of  cD-ordmatmi;  power.  In  sticrl 
Ihe  patient  wa&  f^ulTcrinif  from  iiicomiitclc  jwalysis  in  a  paiaplegic  furm.  Tbete  wft» 
■light  but  miirked  tendcrne^s^  ^loDg  the  spine  oa  piressure,  but  no  exagyeratioD  of 
redex  excilnbihty  in  the  limbs*  and  no  appreciable  mipairinent  of  clectta-cnus- 
cular  contractility  or  sensibility.  Ani»thcaa  was  quite  jnarkcd  in  ihc  cailvcs  of  the 
legs  and  toc%  l^^t  sensation  of  tingling  waa  dio^iher  vranting.  Pains  iu  the 
back  and  Umbs  were  not  increased  by  inouyn*  but  the  patient  com  plained  of  Knne 
discomfort  along  the  spine  that  was  increased  at  night  by  the  wartnth  of  tbe  bed. 
It  Kcmcd  sulficteally  i:lear  that  the  case  wa^  one  of  spinal  congestion,  and  our  6r&l: 
Ibought  was  to  trust  to  galvanization  of  the  spine,  but  oa  father  thought,  and  Ealtini^ 
into  consi>lctatiiL«i  the  rccentnes§  of  the  attack,  and  the  remarkable  effects  of  general 
farodiTation  in  equaUring  the  circulation,  we  submitted  the  patient  to  a  most  thorough 
but  mild  stance  of  the  last-named  melhml,  and  directCLl  htm  to  call  attain  In  the  course 
of  a  couple  af  days^  On  his  return  we  found  that  the  an£C±>thesia  had  almost  entirely 
ECased  Lo  annuy  him ;  hi^i  lim^;it  were  more  supple  and  Wronger,  and  there  wa&  a  moni* 
fest  increase  in  the  pawer  of  co-ordiDation.  Substantially  the  same  method  was  em- 
ployed on  !<ven  dilTercnt  occasions  from  May  5th  to  May  ijth,  whca  he  returned 
lo  his  &ludie$  completely  recovered. 

In  the  case  above  qited,  anaesthesia  was  a  prominent  Ef/mptoro,  while 
there  were  absoliiiely  no  sensations  of  fortiiication  or  Imgling. 

Tenderness  on  pressure  along  the  spine  was  decideJ,  ant1  yet  we  find 
various  auihors  staling  that  in  spinal  congestion  not  only  is  this  symp- 
tom wanting,  but  so  also  is  anxsthesia,  while  the  sensations  of  foninca- 
tion  and  tingling  in  either  the  to<;s  or  fingers  are  almost  invariably 
present. 

Sotnetimes  the  symptoms  of  one  pathological  condition  may  be  the 
more  prominent — sometimes  the  sytnpionis  of  another — and  occasional^ 
ly  it  may  be  observed  by  one  whose  experience  is  at  all  extended  that 
spinal  congestion  and  irritation  occur  together  as  affections,  so  to  speak, 
co-ordinate  and  coequal.  In  this  case  congestion  of  the  cord  was  un* 
doubtedly  the  predominant  condition,  while  the  symptom  of  tenderness 
along  Ihe  spine  on  pressure  rendered  it  evident  that  irritation  was  pres- 
ent as  welL 


Sjkntt/  ttttJfrntts  aloftg  tht  lower  pcrtiffn  of  the  spine  on  prestmre  folla^vid  ^'  pain 
in  tht  bsrweU  and  extremities^  !m paired  niQt&r  pmotr^  ftc, — /mfirwemffft  under 
spiital gahfanim^ti&n  after faiiure  of  getural  faradiMoiiiut, 

Case  XXIL—Al*  aii  illtiuradon  of  a  very  considerable  lois  of  power  in  Ihe  lowtt 
limbs  from  welNinaiked  spicial  conr^estian,  we  refer  \o  the  case  of  n  married!  lady  iged 
who  wi^  ptflced  under  our  care  hy  Dr.  J.  O.  Farrington.  Some  four  ycms  prc- 
vjous^Iy  ii'he  fvnX  begin  to  notice  ct^rtaui  symptomii  for  which  she  could  not  account, 
Dut  which  eviftently  tiidicated  some  dUturbance  of  the  circulation,  and  pos^bly  soroe 
slight  spiflalirritation. 

She  was  then  reganied  u  bystericiUf  and  was  really  lormented  with  many  of  those 
vAgtie  and  virioas  symptoms  which  accompany  this  condition.  Assodaied  with  her 
getteral  nc^rvoiis dKlress  at  that  time,  however,  were  a  number  of  special  symptoms, 
which  she  readily  called  to  mind  on  being  closely  questioned.  The  mosi  prominent 
of  lIic5c  Wis  a  sensation  of  tenderness  when  hy  any  accident  or  design  pressure  was 
made  over  the  lower  part  of  the  spinal  cord.  She  recollected  at-io  that  this  sfnsatlon 
of  tenderness  was  accompanied  by  piin  m  the  lower  part  of  the  bowels  and  in  the  eac- 
iremities  and  frequeully  a  disposition  to  nau^a. 

These  symptoms  became  neither  much  aggravated  nor  decidedly  improveii^  but 
continued  to  annoy  her  until  about  five  months  before  she  c&me  under  ouf  obsefvE- 
tioni  when  a  grcjt  chaaffc  for  the  worse  manifested  itself. 

Quite  suddenly  she  found  that  the  power  cjf  locoRiotiosi  was  cun&idcmbly  impaired, 
Slight  ctetci^  fafigueif  her  more  and  mortis  until  finally  she  was  unable  to  walk  more 
tlmn  a  few  Immlreil  feel  without  becoming  excessively  fatigued.  There  was  a  sense 
of  hf^viness  bi  the  knees  and  feet,  and  frequently  It  requited  atl  her  efforts  to  over- 
come this  fcelifti;  of  helplessness  and  move  around.  There  was  no  aniethc.*;ia  \  but 
fhe  compliincd  of  a  constiint  tingUng  in  the  fingert  and  toes^ 

Pressure,  when  made  over  any  portion  of  the  spine*  caused  nofeelingof  tendcmeis; 
but  nt  tii^ht  the  warmth  of  the  bed  frequently  produced  a  dull  aching  of  the  cord^ 
which  efftfciuaUy  ptevetited  i^leep.  Both  nij^ht  and  day  she  was  annoyed  at  tnterviUs 
with  paroxyi^ms  of  shortness  of  breath. 

Hoping  to  equalize  the  circutfttion,  and  thus  he!p  to  rellere  the  congestion  which 
was  supposed  to  exi.st,  we  made  use  of  the  faradic  current.  Wc  could  accomplish 
nothing  with  it,  and  resorted  to  the  tialvnnic  current*  placing  the  negative  electrode 
at  the  coccyx  and  p.TSMng  the  positive  up  and  down  the  spine— ^pinnl-cord  ctirrenL 
The  application  wa^  admini^terett  every  other  day*  and  was  followed  by  good  resultt. 
The  senwlioQ  of  tingling  of  which  she  complaiaied  was  entirely  dissipated. 

The  nnnoymgsliortnes-s  of  breath  was  $o  much  relieved  that  it  wai  only  occasionally 
and  at  night  that  she  was  troublefl  by  it.  Her  feet  became  pcrmctnently  warmer^ 
mud  she  was  able  to  mctease  somewhat  her  amount  of  exercise  without  suffering 
fati^ie.  These  results  were  accomplished  in  two  monthsi  during  which  time  thirty 
apphcJliont  of  the  galvanic  current  were  made. 

The  prominent  symptom  which  pointed  to  spinal  irritation  as  the  original  difficult) 
lo  the  cane  of  this  patienr  was  the  ^n&itivene^  of  the  spine  to  pressure,  and  ac 
compuiying  nausea  and  pains. 

The  symptoms  which  indicated  the  later  stages  of  congCEtiotl  wcrei 

First^ — Incoraplcie  paralyiiis  in  a  paraplegic  forraL, 

Second — A  coo&tant  tingling  in  the  toes  and  fiagera^ 
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Third^A  d\i\\  aching  along  the&pme,  caused  by  warmth. 

Fourth — Sbortness  of  breath. 

These  symplom^,  logetlner  with  the  absence  of  some  of  the  praminent  uidicfttionsor 
mycHU&t  v'li.,  onssthesia,  pariLlysisoT  the  bladder  and  sphiacier  ani,  impairiDenC  or 
electro-contractUiCy  anU  c!ect.iro-&ea>iljilttyp  aad  iUo  o(  tenderoesi  on  pressure  along 
the  spine,  which  does  not  a^corapajiy  the  graver  diseases  of  the  cord  when  not  aiso- 
ciaied  with  spbal  irritation — all  these  fully  con^rmcd  the  diaguosU  of  congotion  of 
the  cord. 

Cerebmi  tangejtion  in  a  yamtg  girl—At/acks  bnmgki  or*  wktn  working  am  a 
jtrwiHg-ma^^iirtt — Criat  Umparary  relief  nndcr  centriil  galvam%ati&n^  g^hmth 
aaiiott  of  tki  sympatiutii^  and  iromiile  of  patojiium — Rtlapxt  under  iht  cm* 
{innation  of  the  exciting  £aute. 

CaseXXICI. — A- — ^  a  "irl  iwcnty-foar  years  of  age,  c^me  to  us  rept«s«iit' 
tng  thn.t  for  faiir  months  she  ha-I  sutTered  from  attacks  of  fulnejs  of  the  head,  flush* 
ing  of  the  face,  with  burning;  feetin^  that  came  on,  aomeiimes  everyday,  e£[teciaily 
in  the  afternuon  and  evening,  when  she  h^d  been  horJ  at  work  on  the  .sewin^-maclune. 
She  wa£  t^mployed  in  a  stiop  where  ahe  was  expected  to  work  oil  day  on  the  nvachinjc. 
The  constitulion  of  the  patient  was  cxccUent,  and  there  were  uo  evidences  of  utciioe 
disorder. 

We  used  eentral  gaJvanizatlpn,  galvanlzatioEi  of  the  head  and  flympathetic,  aod 
prescribed  bromide  of  potassium  internally,  with  immediate  and  decided  rellefi  but 
the  symptoms  recurred  when  she  returned,  to  hard  work  on  the  machine. 

Cerebral  ccn^ettim  and  exhausHoH  irtdueed  hy  pvtr-hil  and  ttwry,  fd/o^irtg  ettrr 
of  ciitarrh  arid  ricua/ Jk'/ypi — TerribU  insi^mma —  Temp^^rary  nufnhntss—^Reem^ery 
tmder  gaivani^atiifn  qJ  brain  and  cervical  sympaihtttc^  and  internal  use  of 
iiuer  ail  tmuision. 

Case  XXIV,— Mr,  D  ,  agentleman  of  middle  life,  a  political  editoriaj  writer 

on  one  of  our  prommcni  WcsLcrn  newspapers,  consulieJ  us  December  20,  for 
per&istent  insomnia  of  a.  very  aggravated  character,  that  for  one  year  had  forced  bna 
to  try  all  methods  of  treatment,  including  hydropathy,  homoeopathy,  severe  exercise, 
etc.,  wiih  but  Uttle  prufil.  The  condition  had  come  mjxin  Kim  as  a  result  of  over- 
toit  in  his  prof^ion,  combined  with  mental  annoyances  of  a  most  serious  characler. 
Formerly  the  patient  had  suflered  from  nasal  catarrh  (chronic  rhinitis)  and  naul 
polypi :      ilie  t£re^*al  dij&rder  (amt  oh^  the  ealarrAal  iympi^ms  disappeared. 

The  insomnia  haci  been  most  ob^itinate;  for  weeks  and  months  it  had  been  necev- 
eary  to  use  chloral,  else  there  was  absolutely  no  sleep  i  ajid  recently  the  chloril  had 
lost  somewhat  of  its  power. 

We  gave  him  a  few  applications  of  clecLrtclty,  usitig  the  ordinary  methods  of  gal- 
vaniiing  the  brain  and  cervical  sympathetic,  and  gave  the  cod-liver  oil  emuI<iion«  He 
fra$  obliged  to  return  to  his  duties  ;  but  he  carried  out  the  treatment  faithfully,  aad 
now  and  then  reported  hi^  progress.  The  Improvement  was  constant  and  pemanent. 
He  got  along  with  less  and  less  chloral  In  the  course  of  a  few  weeks  he  wrote  thai 
he  W2S  neaily  well ;  but  he  adda :  "  The  catarrh  is  coming  back  ^  the  devil  take  it  I  ** 
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NEURAU3IA. 

The  relief  of  pain,  whether  of  a  pseudo-neuralgic  or  hysierical  char- 
acter, or  whether  depeiitJeiit  on  true  neuralgia  or  other  causes,  is  a  very 
iiiiportanE  funciion  of  i^Wctrization  ;  but  in  no  condition  has  it  been 
more  tJiffrctilc  lo  discrbjiinate  correctly  in  the  selection  of  the  proper 
niethoil  of  electrical  treatment.  True  neuralgia*  as  dL-nned  by  Anstie, 
IK  without  doubt  most  successfully  treated  by  galvauisui,  while  hysteri- 
cal neuralgia,  and  the  so  called  i>seudo-neuialgia^  which  are  simply 
forms  of  pain^  occupyini^  certain  artras,  and  runfiing  seemiiii^ly  in  the 
direction  of  certain  nerves,  yield  most  reatlily  to  faradistii. 

More  specifically,  the  effects  o{ pressure  In  the  various  fornts  of  neu- 
ralgia are  ex-eedingiy  usefiil,  as  gniding  sytni>lO(ns,  indicating  the 
proper  current,  We  do  not  by  any  means  lay  it  down  as  a  universal 
law,  bui  it  will  certainly  be  found  that,  in  the  gr^at  majority  of  cases  of 
neuralgia,  where  ftrni  pressure  over  the  affected  nerve  aggravates  die 
pain,  the  galvanic  current  is  indicated,  while  ihe  faradic  current  has 
the  greater  power  to  relieve  when  such  pressure  does  not  cause  an  in- 
crease of  pain. 

In  the  class  of  cases  called  sometimes  hysterical  hyperjesthesia,  U  is 
well  known  tliat  firjii  and  prolonged  pressure  affords  marked  relief,  while 
pressure  sui>ert\ciaUy  applied  increases  the  distress.  The  faradic  cur- 
rent is  here  lahnitely  supcnor  to  the  galvanic. 

EUetro*'iiaguosh  in  neuralgia  discovers  the  painful  spots  that  are 
delected  by  pressure  in  the  course  of  the  affected  nerve,  and  may  also 
discover  sensitive  points  on  the  spines  or  the  head,  that  might,  pt^rhaps. 
have  otherwise  escaped  observation. 

7>v*j//«f'/r/.— ^Before  attempting  the  electric  treatment  of  neuralgia, 
we  should  endeavor  to  diagnose  its  general  character,  in  order  to  de- 
cide upon  the  method  to  be  employed.  In  doubtful  cases  it  is  neces- 
sary to  try  in  succession  central,  peripheral,  and  general  treatment. 

The  treatment  of  the  different  varieties  of  neuralgia  is  the  best  lest 
of  skill  in  electro-therapeutics.  There  is  no  disease  or  symptom  in 
which  the  results  of  treatment  in  di0ereut  cases  so  closely  depend  on 
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the  nature  and  strength  of  the  current  used,  and  the  met.  od  and  he 
quency  of  the  applicatiotis. 

Cases  that  injudiciuus  treatment  might  aggravate  may,  by  the  cxcr 
dse  of  the  skill  and  caution  that  experience  teach,  be  rapidly  cured- 

The  success  achieved  by  electriaation  in  the  treatment  of  neuralgia 
has  been  brilliant  and  remarkable,  and  would  be  sufficient  of  itself  to 
entitle  tt  to  a  prominent  and  indispensable  position  among  modcnj 
remedies.  What  b  more  remarkable  still,  is  that  this  success  has  been 
achieved  by  very  diverse  methods  of  applications,  and  with  imperfect^ 
indifferent,  or  incorrect  diagnoses.  All  forms  of  electricity — statical^ 
galvanic,  and  faradic — in  all  the  different  methods  and  phases  of  elec- 
iTLzation,  general  and  localized,  centrally  and  peripherally,  by  currents^ 
stable,  labile,  continuous,  interrupted,  uniform,  and  inu^easing. 

The  pain  is  frequently  relieved  in  the  midst  of  the  appHcalion  j  bul 
in  such  cases  it  usually  returns  in  the  course  of  a  few  hours,  and  some- 
times with  heightened  intensity.  Some  cases  of  a  peripheral  character 
are  permanently  dispelled  by  one  or  two  applications. 

Electricity  is  applied  for  neuralgia  in  the  following  forms : — 

Gmtral  faroAi^alion  and  ctntral  gaivaniimtian. 
Localized  faradization  or  gaivanisaticn,  cenircl      peripherals  &r 
koth  combined^ 

Galvanization  of  the  eervUal  sympathetic^ 
Miectric  brush, 
Electric  moxa. 
Stdti^al  £lt£trieity* 
Ekctrie  hands  and  disks^ 
The  magnet. 

Statical  electricity  works  well  in  neuralgia,  and  excellent  cures  have 
been  performed  by  it,  but  there  is  no  evidence  as  yet  that  it  is  in  any 
respect  superior  to  the  galvanic  current  when  rightly  used. 

Many  of  the  failures  and  disappmniments  with  the  use  cf  electricity 
in  mural gia  Imve  been  due  to  the  mistake  of  treating  cmstitutionai  dis- 
eases locally^  and  the  central  varieties  peripherally. 

There  is  one  difficulty  in  the  treatment  of  neuralgia  by  elcctrij^aiion, 
and  that  is  that,  on  account  of  the  intensity  of  the  i>ain  of  the  disease, 
patients  are  sometimes  unwilling  to  give  the  treatment  a  fair  trial, 
This  difficulty  is  further  increased  by  the  fact  that,  during  or  after  the 
first  two  or  three  applications,  the  pain  may  be  temporarily  aggravated^ 
especially  if  the  sittings  have  been  long,  or  with  currents  of  too  great 
strength.    For  this  reason  the  im':ial  applications  should  be  made  witb 
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caution,  and  the  operator  should  not  yield  to  I'hc  teniptatioTs  to  renew 
them  too  frequenlly.  Once  a  day,  or  every  other  day,  is  about  as  often 
as  apphcaiions  can  be  made  with  benefit. 

As  before  remarked,  the  tjiethods  of  applying  electricity  must  be 
studiousl)  adapted  and  varied  to  each  case,  ever  ketping  in  mind  that 
aU  methods  of  ming  ekctricity  have  bttn  successful  in  this  disease^  and 
that  no  one  mctfwd  is  uniformly  successful  even  in  the  same  variety. 

Besides  the  central  and  general  electrization,  which  is  to  be  con 
ducted  on  general  principles,  in  order  to  affect  the  seat  of  the  disease, 
all  the  varieties  of  neuralgia  may  demand  more  or  less  treatment  in  the 
seat  of  the  pain.  For  this  purpose  we  may  use  either  faradic  or  gal* 
vanic  currents.  Although  the  faradic  achieves  excellent  results,  yet 
some  of  the  most  striking  results  have  been  obtained  by  the  galvanic. 
It  sometimes  relieves  the  pain  when  the  faradic  on!y  aggravates  it.* 
After  the  faradic  current  has  been  tried  a  few  times  without  effect,  we 
should  never  abandon  the  case  without  resorting  to  Ihe  galvanic,  or  the 
two  currents  may  be  used  alternately.  As  a  rule,  the  applications 
should  be  short  and  made  with  a  mtld  current ;  but  this  rule  has 
marked  exceptions.  There  appears  to  be  no  special  law  in  regard  to  the 
direction  of  the  current.  The  strong  statements  that  have  been  made  in 
regard  10  the  superiority  of  one  or  the  other  pole  in  this  disease  are 
not  sustained  by  experience.  Either  the  positive  or  the  negative  pole 
may  be  placed  over  the  painful  points,  while  the  other  pole  is  applied 
near  or  on  the  nerve  centre.  Thus,  in  neuralgia  of  the  arms,  one  pole 
may  be  placed  at  the  cilio-spinal  centre,  and  in  neuralgia  of  the  legs, 
on  the  lumbar  vertebrae,  and  the  other  on  the  affected  nerve  (spinal- 
cord-nerve  current). 

The  tieciric  ot^jcij  is  sometimes  more  rapidly  efficacious  in  neuralgia 
than  any  other  method  of  treatment.  It  is,  however,  a  very  painful  pro* 
cedure,  and  many  patients  will  not  bear  it. 

It  seems  £0  act  partly  as  a  counter-irritant.  Meyer  very  strongly 
advocates  the  use  of  electric  moxa  in  neuralgia,  and  sustains  his  position 
by  a  number  of  cases.  Very  few  American  patients  in  the  higher  walks 
of  life  will  bear  this  severe  method  of  using  electricity. 

General  Prognosis, — Take  the  cases  as  they  arise^  without  reference 
to  their  pathology^  duration,  or  situattonj  neuralgia  offers  a  very  favor- 
able prognosis.    The  majority  of  cases  will  be  cured  or  permanently 

•  The  statements  of  Nicmeycr  and  others  Ihat  the  faradic  craircnl  never  succeedi 
in  ncuroigii  nft^r  the  ^Ivanic  fails,  is  not  tnie«  We  have  Men  several  cas^  where 
idicf  wu  obtained  U}  faradization  wUh  Kiddcf'f  contmuou*  mAchioc,  4fter  golTUU 
Kdon  tud  at  least  apporenily  failed. 


CASES, 


Patients  who  have  the  neuralgic  coTistitution  are  liable  to 
tel^ise  in  Un>e»  how^ever  successful  the  treatment  mav  have  been. 

mmd mn^iikftiHy  tn^tit^  Ay  gentral /aradttiftian — ftfcave^^ 

Cass  XXV,  — A  laf^y  about  30.  married^  but  childless^  haxl  sufTcrtcl  from  several  tni» 
iHi%Wi       ^        treated  fnr  a  long  time  for  ttlccRLtionof  ihe  neck  of  ihe  aterw 
that  fiadtf  ficlilcd  10  IocaI  applLcatioiis.    Up  to  her  tweniy'Rflh  year  the  had  cnjojcd 
•  (ttod  d^ree  of  tt«Uh  \  but  xlwv  her  fini  mivEtrria^  &he  be^nn  (o  sufTer  froisi  pro- 
mcnstiuatioii,  attended  with  ati  cxctssLve  flow.    This  contUliaa  hftd  estlsted 
t  •  Irv  months  when  the  patient  be;;a7i  to  experience  certain  M/ondrring  pains  OTcf 
bodf,  that  became  moft  murkcd  at  each  return  of  tdc  cstamcRiii,  until  the  par 
A  most  di^trc^ng  cheiract^r.    They  were  tistifillly  u-shened  in  by  teo- 
A  sensatiun  of  oppression  in  the  epigastric  ^f^gi<;l1l,   Throughout  the  whole 
tftekllK  voiCsiJt  Acute  paiti  H-ouM  be  felt  om  ihe  stomachf  and  was  bltended  by  vomif- 
Most  of  the  botiy  wbs,  however,  to  a  greater  or  lew  extent,  afTeglcd  hf  Lhcdu^ 
The  hcid  became  tender  to  the  tauch,  the  eyes  intolerant  to  light,  and  the 
iikI  mucous  surfaces  of  the  check  would  be  nHected  by  a  very  ftnnoying  senn' 
of  anmbncst.     Several  times  a  yeao-  ^e  was  prostrated  by  sympionts  that  were 
^tgf  mMca  in  their  onset,  imA  exceedingly  alarming  in  ch^iracter.    The  pube,  «lmo«t 
nirtw^  ««nua|f,  would  fall  to  40  or  45  in  the  minute*  attd  become  w  feeble  as  to  b« 
^nRf  pem|Hib!e,    The  power  of  arttcuUtion  left  her,  the  anEC^thc^a  of  the  movtb 
tMig«c  became  complete,  and  her  face  assumed  n  A^mWy  cut^r  and  ooldneaa. 
Atiacks  lasted  from  twenty  minutes  to  half  an  hour,  and  were  ircftteO  by  the 
1^  wof  bran>iy  and  carb.  of  ammonia.    An  applicaiion  af  general  raiadtz4tioo, 
one  evening  during  one  of  her  periodtcal  monthly  par^^xy^ms,  uj  relieved  the 
that  II  f|iiiet  night        the  result.    It  may  be  here  stated  that  it  wafi  tmpossi* 
^  M  |he  |3*lienl  tf»  take  opium  in  any  form  with  Ijencfit.    Exceetlingly  smaU  doao 
t^Wl  ^nptesttess  and  the  most  intense  excitement.    Invariably  after  this  we  found 
%  fbvlhff  application  would  gr^tly  alleviate  the  pj^lnn.    The  main  idca^  howgycTp 
t« atra^lHca  the  general  s^stem^  and  so  prevent  these  attacks.    For  thispurpOMv 
4^         Ot>wr  day  she  wa^  treate^l  thoroughly  hy  general  faradisation,  and  it  was  aot 
^91^  MbiV  tta  ff>od  effects  were  manifest.    In  the  course  of  a  fevr  weeks  her  powen 
«f  ^mAmmmc*  had  increased  considerably  \  and  when  the  menses  appeared  they  were 
^bMW  dwation,  and  attended  with  a  much  less  loss  of  blood  thaji  before.  The 
^^MH^^^  falm  were  IncomparaMy  less  severe,  and  she  rallieil  to  her  usual  condition 
^^nJttaMfeyw    After  rcmatning  under  treatment  several  months  she  was  discharged!  ai 
ytars  hive  elapsed  since  treatment  was  dtiscontlnued,  bu|  &he  hat  never 
V9S        Uwk  tho'«  occassional  attacks  of  which  mention  was  made.    Her  tnen- 
^  nf«lar  and  normal ;  and  it  is  only  after  great  provocation  that  she  era 

yM<uaynns  like  those  of  former  days, 

c/a  maiariiit  origin — Rtcovery  under  gen^nst  /•raJit^i&m 
and  fuinimt. 

VXVt  A  yoiingman,  who  had  been  exposed  to  the  hardships  anrl  danf-mol 

«**  suffeiiiig  from  di'Stres'iing  pains  fhit  were  cinrmcd  mainly  to  the 
c*^* -M     e'thct  vide.    Several  months  Ixfrti  e  we  saw  htm,  he  was  prostrated 
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hy  an  attack  of  intermittenl  tcvtr  thmt  recti rroH  Hreral  tlmn  sfler  being  opparettly 

sul>ciued. 

One  of  the  paroxysms  was  followed  by  what  his  atl^ndrmC  called  agut**— 
a  term  not  unfamiliar  some  years  a^o  to  the  resulents  of  mnlarial  di^atricts. 

It  was  characleriied  by  ^arp  Bbocaing  jiains  all  over  the  head  and  face,  affecting, 
bowcvcFp  espcciatly  forehead  and  eves.  The  neuralgic  symptoms  icon  abftndoned 
these  part^  bul  in  a  few  dny&  manifested  themselves  by  an  imiHUfttlj'  severe  paroYjrsm 
bi  tTie  chest  and  adc.  For  a  number  of  months  t>efore  he  fell  under  our  notice^  st> 
tacks  of  tnlercoslnl  neuralgia  occurred  at  intervals  of  two  or  three  days. 

The  patient  experiencefl  no  distinct  chilli  or  mnrkeit  febrile  excitement,  but  the 
neuralgia  was  almoet  invariably  ushered  in  by  a  creeping  seiisatian  of  cold  down  tbii 
back  and  Limbc  The  exciting  cause  was  xindoubledly  a  malarial  poiiion.  The  dlag^ 
nosts  of  ncurdgia.  was  umn»tnkably  con6rmed  by  the  presence  of  Lhcit  alitiost  pat  hog 
nomonic  symptom,  namel>\  pain  on  pressure  over  the  spinous  process  of  one  of  the  last 
dorsal  verlebnc.  A  gradual  improvement  took  place  under  frequent  general  applicA^ 
»ioTi5  nf  the  farfldic  current.  Quinine  vras  admiftisteretl  at  the  same  time,  &o  that  we 
Cdnnot  slate  in  positive  terms  the  exact  amount  of  credit  due  elcctrizatton.  It  must 
be  remembered,  however,  that  quibine  had  been  taken  for  some  lime  previoubty^  afid 
was  followed  by  no  very  marked  results.  The  fir^t  application,  administered  daring  a 
paroxysm  of  ordinary  severity,  was  foltowed  by  a  very  grateful  amelioration  of  the 
psin,  and  in  all  subsequent  attacks  the  same  result  foJlawed. 

Ten  applications  wrvcd  to  break  the  periodlfity  of  the  attackSf  and  to  place  him  on 
a  plane  £o  little  below  the  normal,  that  it  could  be  fairly  said  of  him  that  he  was 
approximately  curctL 

fttltrtifstal  itntraigia^  resttUhig  from  /xfi^iurt  to  ^amp  H/f — Spinal  IrriiatioH — 
Dtbiiity — Rapid  imprLmetnm!  and  rtarorry  ttrtiter  gmtrai  _feradisatiffn. 

Case  XXVll.  —  I,.  C,»  a^^ed  jS,  served  in  a  Nevada  regiment  for  three  years  during 
the  war.  After  hi^  dischiXTgc^  in  the  fall  of  1865,  he  wa^i  taken  with  acuie  articular 
rheuma(i<imp  which  confined  him  to  a  hospital  during  the  whole  winter.  The  spring 
found  him  much  better,  and  in  a  few  months  there  seemed  to  be  no  vesiige  of  the  rheu- 
matism remaining.  Ills  health  remained  delicate.  In  July,  iS66f  he  waslakcn  with 
severe  pains  in  the  back  and  stdc.  He  was  treated  by  locali/ed  farailizalion  a  few 
times»  but  with  do  appreciable  Ijcnefil.  The  neuralgia  increased  in  severily,  locating 
itself  between  Ihc  rilia.  In  Jannary,  1S67,  he  ajjplicd  to  us  for  treatment.  He  was 
then  extremely  weak,  wkI  presented  a  remarkably  anawnic  api^arance.  There  was 
very  ^rcat  Iiy|M:rresthe=ia  over  the  peripheral  expansion  of  thcaRctleil  nerves.  Slight 
irritalinn  the  finger'nail,  or  mO'Jer;:xle  pressure  by  the  hand,  wa^  Sufficient  to  cause 
couMiU-rable  ]iain.  On  account  of  his  extreme  sensbility  he  was  obliged  to  Kuhstitute 
far  the  coarse  red  fliiniiel  which  he  had  been  accUFlomed  to  wear,  an  undershirt  oT 
5ncr  texture.  PfC'i'iure  made  upon  the  first  spinous  processes  6f  the  dorsai  vertehne 
cau^  no  unca.4ne!»,  but  when  the  sixth  and  seventh  processes  were  firuLly  pressed, 
ihe  patient  loudly  complained.  We  gave  him  a  general  application,  as  is  our  custom 
bi  fuch  cajcSi,  The  whole  system  was  brought  powerfully  under  the  influence  of  the 
faradk  cunent.  The  application  at  once  relieved  him,  and  in  three  days  e  wa* 
directed  to  come  again.  During  that  time  he  suffered  much  less  than  usual  ;  his  ap- 
petite bitd  improved,  and  for  the  fir^t  ihirty-dx  hot  ra  he  was  mu  h  invigorated.  1U 
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vinied  n%  for  one  montb,  during  which  time  be  received  ten  general  applicalioiub  Ttw 
ImproremenC  was  uninterrupted  from  the  beginning. 

After  Ibe  fourth  application  he  safTered  no  more  from  the  ncural^A.  The  eolot 
returned  to  hi*  check  ;  his  appcliLe  bccaiqc  more  vigoroiis  from  week  to  week,  and 
when  he  discaatmucd  treat  mcuC,  wc  regarded  him  as  compUEitivcly  weU 

This  case  called  for  a  powerful  constUiitional  tonic  Hardships  in 
the  Army  and  previous  disease  had  reduced  hia  stock  of  vitality  to  such 
a  degree  that  our  ordinary  internal  tonics  failed  to  produce  their  accus- 
tomed results.  His  nervous  system  had  been  so  shaken,  and  aU  his 
functions  so  disturbed,  that  he  could  not  assimilate  the  iron  and  bitters 
that  were  so  much  needed.  It  is  in  such  cases  that  general  faradiza- 
tioD  achieves  most  satisfactory  results. 

Cfff/rtf/  Neuralgia. — Under  this  head  we  inchtde  those  cases  of 
neuralgic  pain  that  certainly  depend  on  pathological  lestoos  of  the 
central  nervous  system. 

The  neuralgic  pains  of  locomotor  ataxia  belong  to  this  class 
Those  who  with  Dr.  Anstie  regard  neuralgia  as  a  distinct  disease,  de» 
pendent  on  atrophy  of  the  roots  of  the  nerves,  do  not  regard  these  pains 
fts  really  neuralgic.  Under  this  class  also  come  certain  varieties  of 
headache  and  cervical  neuralgia. 

Cephalalgia  {Hmdachc). — Headache  should  be  treated  by  general  or 
localized  electrization,  according  to  the  indications  of  each  case*  Dry 
faradization  with  the  hand  is  used  successfully.  Stable  galvanization* 
or  faradization,  uniform  or  increasing^  may  be  employed.  Labile  ap- 
jjlicaiions  with  the  moistened  hand  are  sometimes  of  service.  General 
faradixalian  is  more  etfective  than  localizedf  for  the  reason  that  in  so 
large  a  proportion  of  cases  the  pain  in  the  head  is  so  very  frequently 
ijytnpiomatic  of  disease  of  other  parts  of  the  body,  the  precije  nature 
and  locality  of  which  we  cannot  possibly  detect.  Central  galvanization 
is  sometimes  more  efficacious  than  any  other  method.  Relief  not  un- 
frequently  follows  galvanization  or  faradization  of  the  stomach,  or 
bowels,  or  spine,  or  galvanization  of  the  sympathetic,  even  when  the 
head  is  not  touched.  Applicalions  to  thf  back  of  the  neek  are  s&m^timet 
m&re  €ffU(ieions  than  direet  applications  to  the  head. 

Prognosis. — Although  headache  in  this  country  is  even  a  more 
frequent  symptom  than  dyspepsia,  yet  patients  do  not  usually  apply  for 
treatment  for  this  symptom  alone,  but  only  when  it  is  associated  with 
more  special  and  distinct  affections.  The  immediate  efifects  of  clectri^a- 
ton  in  headache  are  as  variable  as  the  pathology  of  the  symptoms,  Ii 
sometimes  relieves,  sometimes  aggravates,  and  somelimfis  gives  only 
negative  results.    Sometimes  the  pain  is  relieved  in  the  midst  of  the 
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titling ;  more  frequently  the  r<=lief  does  not  appear  for  several  hours. 
There  is  no  reason  lo  be  discouraged  because  tniraediate  relief  is  not 
obtained.  In  very  many  of  our  cases  of  dysv)e]>sia,  of  ansemiaj  chloro&is, 
nervous  exhaustion,  paralysis,  headache  is  a  more  or  less  constant 
symptom,  fiom  which  during  the  treatiaient  they  usually  obtain  either 
relief  or  cure.    In  rare  cases  all  other  symiHoms  yield  but  this. 

In  many  of  the  cases  of  dyspepsia,  neurasthenia,  anrcmia,  and  hys- 
teria, headache  was  a  prominent  symptom,  which  was  not  only  tem- 
jjorarily  but  permanently  relieved  by  the  treatment,  If  we  were  to  judge 
from  our  own  observations,  electrical  treatment  is  even  more  efficacious 
io pr€t*£ni  attacks  of  headache,  by  improving  the  tone  of  the  system, 
than  to  dissipate  the  pain  af^er  it  has  once  set  in. 

Tfte  M^^^nef. — The  therapeutical  results  that  have  been  obtained  by 
the  magnet  in  the  treatnient  of  headache  are  not  suflicienily  encourag- 
ing to  entitle  it  to  special  notice.  Something  has  been  claiu»cd  for  it, 
but,  as  a  rvXt^  it  has  been  found  that  it  is  necessary  that  the  patient 
should  be  of  a  peculiarly  impressible  organization,  in  order  to  be  in  the 
slightest  degree  affected  by  it** 

Fr^quint  ami  li^'ert  het^dachft  in  0  gtrl  of  Jl/tem  finer  tAr  age  &f  four — Approxi 
mate  recmfery  under  a  month  oj  central  gfjivanifati>m — Sut'teguent  r«ta^e. 

Case  XXVIIl,— Mi*5  C,  aged  1$,  consulted  hi  at  rhe  sugce^tioTi  of  her  physician. 
Dr.  Everett  tlerrick.  The  patient  wns  small  of  her  a,n;e  and  menstruated  first  aC  (he 
of  eleven.  In  regard  to  hereditary  influences  it  miLy  1«  said  that  her  father  had 
for  TDOJiy  years  suflered  froni  pcriodiL-al  aitftcks  of  headache,  and  rtmi  her  flunis, 
jijfrrs  of  her  father,  had  also  menslrualed  at  ahuut  the  same  early  age  the  palient 
hefKlC  The  foUowmg  were  the  symptoms  for  which  relief  was  sought t  Since  iht 
age  of  four  s-he  liaci  suffered  friten5<Iy  from  headaches  usociated  with  voTniting,  which 
latterly  had  increased  tn  frequency  until  four  om  of  the  seven  days  of  the  week  was 
the  otdinar)*  ratio  of  tht!  sick  days  to  the  well  day*.  It  may  be  Tcmarkedg  however,  thai 
at  no  time  was  she  entirely  free  from  pain.  The  general  health  and  Sitrength  n(  the 
patient  was  fair  ;  but  the  circulation  wasfee?]|c  and  the  appetite  not  very  good,  Ccn- 
Ift!  treatment  being  indicated,  we  began  the  use  of  this  method  by  the  application  of 
the  galvanic  current  from  four  ordinary  imc-carbon  cclK  and  during  the  treatnncnt, 
confuting  of  seventeen  seances,  and  extending  from  May  iGth  to  Jime  i6th*  we  g:rad- 
ualiy  increased  the  nximher  of  cells  to  eight.  It  was  observed  that  the  attacks  grealfj 
decreased  in  frequency  anri  severity,  and  when  she  left  the  city  f«r  the  annual  summei 
vacp-tion  she  was  but  little  annoyed  by  her  old  enemy.  We  learned  incidentally  that 
subsequently  the  patient  relapsed. 

•Tripier  (Annates  de  I'Electrothirapie,  iSfij)  presents  a  r^sami  of  some  not 
very  convincing  exper'tments  of  I'Abbi  Le  Noble  in  the  treatment  by  the  rnagnct  of 
heft^ache  and  other  nervous  aflectiona.  The  cKperiments  were  recorded  by  Andijr 
and  Tbouvet,  in  *'  Mimoire  sqr  le  Magnet ';5nie  M^tcinaL"    Paris,  1781, 
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imiemie  and  dcep-ieQttd  ctpkalalgia — Pitrm^mmt  rtHef  faiiffWi  <tmtrMi , 

Hon, 

Ca5B  XXTX. — A  patient  from  whom  a  large  fibrous  1uf»or  of  the  titenia  had 
leuioved  severat  munth*  Iiefore  die  fell  imder  out  olvservalion,  complainci  of 
constftnt  and  severe  neuralgic  painf,  which  seenjcd  vatcit  m  ihe  ctntre  of  the  ^^f^^ ^^ak^ 
tbat  at  limes  she  aiTT»>st  lo^t  conLrul  uf  lierielf  both  phy^ic^lly  fiud  mcntiiitly.  NcinJj:^,^^ 
had  been  a  synip:oni  rroin  ivliich  she  had  suffered  marc  or  tns  fnr  years,  but  far  \^  ^ 
ncutc  in  degree  lh*n  &f:er  ihe  opciaiiun  inetiiicMie<.1.    From  March  utU  to  30^  '^fc,^^ 
eS7£,  cenTral  galvAJiitation  was  applied  on  fiv  occaHonsAnt^  with  exccUent  reni^^^ah, 
The  pain*.,  aUhpLigh  not  entirely  disdpntcd,  bcciLme  far  leu  iliiirTcssing  iu  chtnct  -laver, 
and  ceased  aJto^cther  to  exert  any  mental  intlueace 


Throeti  dystrsfktttaf  ass&eiai*^  wtik  severe  ce/An/a/^M  0/  fwem/yjrears'  rtati£j^ 
Vreidtif  Ttiief  nndfr  etntrttf  gnh'iintMtiati, 

Cask  XXX.— Mrs.  T.p  who  was  direcicti  to      by  Dr.  C.  R.  Agnew,  bad  fix 

years ^ufTf red  from  an  almost  constant  and  pamful  heav1ttr«  ahniit  the  head  and 
AssociaLrl  with  this  syniptotn  were  freciujent  pcrlcKlical  attacks  nf  I  he  most  int 
ccpJmlal|pa>    For  (he  laiit  few  years  the  patient  had  complained  of  a  local  ncuralp* 
tomewhat  rare  occurrence,  noticed  by  IIa.n6eld  Jones  as   'Mhn>at  dy 
Dyspha^na  wa^  prt^sent^  with  a  sense  of  impending  snffbcat ion,  with  heat  and 
liu»pecCioii  revealed  110  itiftanimation  suilicicnt  to  accotmt  for  the  distress. 

The  trt^ntment  consisted  of  some  35  application^  alioost  wholly  hy  the  method 
c^nlrai  ^alvani£aii<.m,  and  with  mc^st  decidedly  beneftciiil  resulCi.  The  heariats 
the  he-id  And  eyer»  wa.s  much  relieved,  and  the  ce|^&alalgia  occurred  at  far  greater 
lervaU  and  with  lesis  severity. 

The  throat  difficulty  yielded  more  readily  and  cotnpleiely  than  tKe  ocbcr  sym] 


It  was  a  noticeable  fact  in  the  history  of  the  treatiiicnt  of  ihe  abo 
cast^  lhat  at  the  outset  a  mild  ciirretit  of  say  froQ]  £ivc  cell&»  w 
applied  to  the  eyes,  while  it  was  not  unpleasant  and  produced  no 
vation  of  pain,  signally  failed  to  relieve. 

A  current  from  three  cells  was  invariably  followed  by  immcdiat^^^^^^ 
alleviation  of  pain. 


PtrsitteHt  and  t^nsianf  tcpfuiUigi^  ef  lang  tfandm^ — Aruesthesia  of 

relief. 

Case  XXXI. — Mr,  R.*  a  derk  ified  22,  was  referred  to  xi\  April  zt,  iS6^ 
Dr.  HaJlel,  of  iJrpoklyn.  Tlie  young  toan  liad  Ijeen  many  monlJis  a  sufferer  from 
sisletil  pain  ihrr>u^U  the  beawl,  in  all  parts  of  it,  even  lo  the  hack  of  the  neck*  Tr?i 
ment  ha<.l  uf  no  avail.    Hi'*  cnn^titulion  was  of  the  nervous  variety,  and 

^mptom  was  aggravated  by  hb  sedentary  mode  of  tde,  and  by  any  caslaineil  men: 

Elfctrtc  examiaatiffH  vnx}\.  both  galvanic  and  faradic  currents  dcmonslmfetl  a 
unusual  liifk  0/  smsifiveHeij  fa  iAe  eur-rrnt  oh  ail ^irts  0/ ike  kt/^^  which  in  bcall^ 
can  1te:\r  only  rery  gentle  currents.    All  the  modiiicatiom  of  elcctritf  tioti  w«re  e<^B 
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ploycct  for  four  week*,  withftat  making  the  Techiest  impression  on  the  symptoms,  N< 
temporary  relief  coutd  be  otjtained  cither  durin^^  or  after  ihe  stance.  The  most  un* 
OMiaL  f&ct  of  nil  was,  that  the  pain  could  hot  l*c  lcmj:toriirily  aggravated  or  changed 
m  lis  chanurtert  even  by  powerful  ^m]  somewhat  prolongett  galvanizacit^n.  The  fall 
UTc  wiLs  complicte;  after  four  wecks^  treatment  the  paLieat  was  di^mi^tH^  no  bettet 
no  wwf<  ihoii  a.t  the  uatset  of  ihc  treatment. 

The  patient  a  few  years  subsequently  committed  suicide,  being  driven 
to  the  desperate  act  by  constant  and  unrelieved  pain. 

A  careful  post-mortem  examination  iiiacle  by  Dr.  A,  B.  Crosby*  in  the 
presience  of  Drs»  E.  S.  Bunker,  S.  G.  Armor  and  ourselves,  revealed  no 
pathological  lesion  that  would  satisfactorily  account  for  the  symptoms 
during  life. 

Siek-heatijA-he  [Migraine), — ^The  results  of  our  treatment  of  sick- 
headache  by  electricity  have  not  been  quite  consistent.  In  some  cases 
the  relief  has  imtnedialely  followed  treatment ;  in  other  cases  some 
Cime  after  treatment ;  in  still  other  cases  there  has  been  no  relief,  tem- 
porary or  permanent. 

Sitk-hfadai-hi' — V&mitittg — J^a  relUf  from  faroitiKifhit, 

Cass  XXXTI, — In  the  case  of  a  yonng  lady,  the  onset  of  the  pain  is  very  peculiar. 
Without  the  slightest  warninsi  when  at  church  or  walUn^,  at  ihe  piano  or  engaf^ 
In  household  duties  her  vision  will  become  blurred.  Objects  before  her  seem  to 
dsince  About  in  every  direction,  and  she  is  unhide  to  reco^iiie  famitiAr  faces,  No 
barometer  is  so  accurate  in  iodicating  storms  as  are  thew  nervous  5yniptonis  In  fore- 
telling the  commotiuii  About  to  lake  place  in  her  system.  Snon  the  blur  l>efore  the 
eyes  pari  ially  dtwppear%  and  a  most  raging  Jvcadachc  set*  in.  The  arteries  in  ibe 
leinples  swell,  and  puluite  with  grent  rapidity  and  force*  Sharp  lancinating  paJm 
dart  all  over  the  head  and  through  th^  «;yes.  A?  a  rule,  vomiting  of  a.  grumous-look- 
ing  Liqidtl^  mixed  mth  bile,  Bccompcuiies  the  other  sympfyms^  After  lasting  from  12 
to  24  hour*,  Ihc  severity  of  the  attack  ahatti,  kaWng  h*rT  in  a  somewhat  debilitated 
vlftte,  from  which  she  acx>n  recoven.  ElectrizAlion  failed  to  give  any  relief-  Bromidj* 
of  poturaium  i&  Ihe  only  remedy  that  has  any  effect  whatever.  Given  in  duses  of  30 
gTf.  as  soon  as  Ihe  eyes  become  blurred,  it  will  frequently  lessen  the  severity  of  the 
pain  in  the  head. 

In  the  case  of  a  sifter  of  thi  above  Ihe  headache  is  preceded  by  no  blurring  of  the 
eyes,  but  ts  aiDConipiuucd  by  an  excessive  and  diitftssiiig  sense  of  n/rrvettjatfs,  causing 
the  patient  to  throw  her  limbs  and  body  about,  and  to  feel,*'  lo  use  her  own  eKprc$- 
lion,  "  as  if  ihc  would  fly."  A  number  of  applications  of  the  faradic  current  enabled 
her  to  overcome  tills  feeling  of  nervousness,  and  thtis  relieved  her  of  on^  very  annoy- 
ing symptom  of  her  di^rder*  Gencrfdly,  though  not  Always,  m  the  cases  ju.st  related^ 
these  attacks  of  sick -headache  occur  jast  before  or  during  the  menstrual  perio<l,  and 
10  would  seem  to  lie  influenced  in  some  measure  by  this  fuuctioti. 

The  true  principle  of  treatment  is  to  tone  up  the  system  by  a  perse- 
vering use  of  general  faradization  and  central  galvanization,  with  othet 
a8 
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tonics,  so  that  the  paroxysms  may  be  less  frcijuent  and  less  severe  ;  tb 
other  words,  to  combat  the  ntrv^^us  diaihesis  oi  which  the  sick -headache 
is  but  a  symptom. 

The  following  case  illustrates  the  advantage  of  carrying  out  this  ptin* 
ciplc  of  treatment. 

Migraine  9/  se^'er^l ytarf  Ttcmdin^  iff  a  /aify  ef  a  vtry  n^rveuj  ttmperamtrtt — ^Vry 
grtftt  and  ptrinantnt  im fratfemrn t  under  central  gaivammatian . 

C^SE  XXXIII. ^Mrs.  K.,  a ygung married  lady,  daugliter  of  ■  physicaan,  was  of  « 
jt(>rcUlly  nervous  Qrgntiitation  by  inherit iince^  uid  hftd  sufTcrcd  from  neuraslheoU, 
spinal  irritation,  and  especinlly  from  frequent  auocks  of  migraine.  Wc  ireated  bet 
during  Ehe  interval  of  her  attacks  for  twelve  times  by  central  galvuiiznlLoit.  TbeM 
w»5  immoiiute  improvement ;  tlie  aiurks  became  less  frequerit  and  le^  scYcre.  TIm 
itnprovemeiit  advanced  after  treatment  ttu  ditcontiuuedf  until  she  w^LSolmoat  entirely 
^Ett  from  migraine. 

FACIAf.    NEURALGIA— (EPILEPXrFORM    NEURALGIA — ^TOTHERGILL's  DIS- 
EASE— TIC  douloureux)* 

Facial  neuralgia  appears  under  tvo  forms.  The  mild  form  is  tisualljr 
of  a  peripheral  characterT  being  caused  by  neurilis,  pressure  from  effu- 
sion, or  decayed  teeth.  This  ftirm  usually  yields  readily  and  surely  to 
electrii^ation.  The  severe  form,  to  which  Trousseau  has  given  the  name 
epileptiform  neuralgia,  is  probably  of  a  central  character,  being  caused 
by  a  variety  of  pathological  conditions  of  the  brain. 

The  symptoms  of  this  form  of  facial  neitralgia  are  the  spasmodical  and 
vefy  intense  character  of  ihe  pain  in  the  course  of  some  of  the  branches 
of  the  fifth  pair.  The  spasms  are  of  very  short  duration — ten  to  fifty  or 
sixty  seconds — and  may  be  accompanied  by  convulsive  action  of  the 
muscles.  The  attack  may  be  brought  on  by  any  excrdsc  of  the  javrs, 
as  chewingt  readings  eating,  or  talking.  The  pain  is  so  great  as  to  cause 
the  patient  to  slap  his  face,  or  frantically  rub  the  spot  over  the  scat  of 
tlie  pain,  Sonietimes  patients  who  have  great  self-control  stamp  violenily 
on  ttie  floor,  jump  up  if  they  chance  to  bt?  sitting,  pace  the  room,  and 
Utter  piercing  cries. 

This  terrible  disease  has  usually  been  regarded  as  almost  incurable, 
and  is  so  pronounced  by  Trousseau,  who  has  graphically  described  its 
symptoms,*  Section  of  the  nerve,  of  which  so  much  was  once  ex- 
pected, is  now  but  seldom  used,  and  permanently  succeeds  only  tn  ck- 
Ceptionat  cases* 

By  a  judicious  and  varied  use  of  peripheral  faradisation  or  galvauua 
*  See  his  Lectures,  Bure^>  Truislntton,  pa.rt  i ,  p.  1 05 . 
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Hon,  or  by  the  elect  re  moxa,  or  by  galvcLDizatioii  ol  the  brain  or  cervl 
ca'  sympathetic,  a  ceitain  portion  of  these  terrible  cases  can  be  relieved 
or  cured'  Our  experience  does  not  yet  enable  us  to  say  what  propor- 
tion the  failures  wlU  bear  to  the  successes  ;  but  if  one  ca^c  out  of  ten  can 
be  relieved  or  cured,  it  h  justitiable  to  try  electricity  in  ail,  since  mosf 
other  modes  of  treatment  offer  no  hope.  . 

We  present  i)'pical  cxani^lcs  of  both  failure  and  success  In  the  elec- 
rical  treatment  of  this  dbease, 

£fiilffiti/prm  nrura/gia  of  teftddf  of  fmt,  of  two  yeari*  siaftding^  trealtd  wiiA 
out  hiHeJii  by  variaiu  nuiAodi  of  tlictritation. 

CaseXXXIV.  — Mr.  P.,  agci  — ,  wasscnl  lo  us,  November,  1S69,  by  Dr.  Willafd 
Parker^  witU  typical  iymptom-;  ofepileptirorm  neuralgia.  TJitf  patient,  ihougli  a,  man 
of  mild  ttfrnperamenf,  stamped  furtously  an  the  door,  even  while  lelling  us  hk  history, 
spauTi^  of  pain  appeared  in  one  sixit^  in  ihe  course  of  the  lower  branch  of  tbfl 
trifacial.  The  general  hcftldi  of  the  patient  was  Qot  i^catly  impairetJ,  alLhoitgh  be 
had  suffered  for  1  wro  ycArs, 

We  tried,  in  succession,  all  means  of  dccirical  ireattnenl,  with  botK  currents*  At 
one  time  aame  lemporary  benefit  A]3pcared  to  have  been  clerived ;  il  was,  however,  of 
ihort  duration,  and  the  parotty^ms  returned  in  full  force* 

After  toi  appUcation^  the  patient  abandoned  treatment,  utterly  disheaflened. 

In  the  above  case  we  made  the  a|>pllcations  twice  a  day,  as  the 
patient  could  stay  but  a  short  time  tn  town.  It  is  possible  that  bettet 
results  would  have  followed  if  a  longer  interval  had  been  allowed. 

We  now  turn  to  the  pleasanter  side  of  the  picture. 

EptUpttfofm  fuuraigia  of  twt^  year^  standtHff — Impnrvtntint  under  £acaiiMtd 
faraditattau  j  ftmporary  aggravalion  by  galvamsatioH, 

Case  XXXV.-— Mr,  M.»  ^^fiX  65,  of  ctiraordmary  vigor  of  cckinstittition  and  per* 
feclly  tem^ieraCe  in  every  habiit,  slated  that  some  Iwu  year&  stnce^  in  the  year  1865,  he 
Urst  noticed  a  ^ight  pricking  Knsation  under  the  lobe  of  ihe  left  car. 

For  one  ye.ir  this  feeling  occurred  only  occasionally,  and  annoyed  hiro  but  little. 
At  the  cxpira^iion  of  this  lime  the  attacks  became  more  frequent,  were  considerably 
prolon^f  and  produced  actual  pain. 

It  was  a  ^gular  feature  associated  with  his  condition,  (bat  expomrc  to  the  «un'i 
rays  for  a  few  momenti  would  invariably  occasion  an  attack  of  paia.  About  thit 
time  tlie  loss  of  a  large  amount  of  money  was  a  cause  lo  him  of  great  anxiety  of 
mmd,  and  evidently  aided  in  ag^avaling  his  disorder.  The  paroxysnm  of  pain  in- 
creased in  frequency  and  severity,  until  it  was  hb  sorrow  to  utfrct  the  greater  part  of 
eyery  d»y  from  the  excruciating  torture  of  (he  worst  form  of  facial  neuralgia.  Al 
DLghl  be  sufTercd  but  little,  but  with  the  rising  of  the  sun  his  dlstrc^  began.  The 
instant  he  opened  Im  mouth  to  speak,  darling  pains  would  doot  over  every  portiop 
of  his  face,  followed  by  a  profu-sc  flow  of  saliva. 

The  3Ct  of  eating  was  attended  with  even  greater  mfllering,  and  frequently  bt 
would  continue  liungry  for  hour*  rather  than  make  the  attempt* 
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For  two  yctn-  he  snflerctl  in  ihh  manner,  u  iihout  being  able  to  obtain  more  thiA 
&Ught  temporary  relief,  Upon  applying  to  us.  we  imiiiedutcly  locaJliied  an  txct^- 
ingly  mild  and  fine  fflradic  current  ihrough  the  tfifferent  ri,mific&tions  of  the  fe/lr 
pair,  with  ullm^;^ji.ltc  I'encEigiaL  cffecL  The  pain  fcum  which  he  was  theo  altering 
was  subdued,  and  during  the  Iwo  succeeding  days  paroxysms  af  paia  were  mudi  icss 
readtW  eKiitcrl  thiin  u^uaL  A  second  application  re&uheJ  in  still  further  impfove^ 
mcnt ;  but  at  the  third  vbit,  hoping  to  accelerate  t be  cure^  we  made  Me  of  a  mild 
galv^ic  curreot  horn      of  Bunsen's  cells. 

The  effect  most  diiasirous.  The  neuralgic  attacks  returned  with  more  (hftn 
ordinary  severity,  ami  gave  the  patient  no  rest  until  we  &aw  him  again  the  next  day. 
Ad  applicalioji  of  the  faradic  current  agaih  relici'ed  the  pa.in  as  elTcctuaUy  as  before 

From  this  lime  onward,  under  the  exclusive  life  of  the  faradic  current,  ih«  tm- 
provement  wus  uninlcrmpicdj  until,  after  remaining  under  trcatmeut  six  week^  snj 
receiving  eighteen  applicalions,  he  was  di&charged  approximately  cured*  Occa- 
sionally, after  a  lun^  cimver:»ation,  he  feels  iiomcthinj^  like  a  twinge  of  tlie  old  paiti, 
Lwit  U  is  so  slight  an  to  give  him  little  anaoyaiKC. 

t^mrulgia  of  ihi  mper»i>r  maxiUary  and  ofiMMaimic  branehes  of  tAe  Ji/ih  pair^  fpl- 
t^wed  by  itraifkmus  couvcrgerti  and  firoJecUen  of  thf  tyeb^iih—  Treaimmt  by  Ar«/> 
aid farotiimtion — Jt!££irvcry, 

Case  XXXVr. — U\  Scptemher^  i^^/j  tite  foUowIn^  quite  tiuvcl  case  Tell  uiiiier  our 
ohservaU***!.  The  patient  wa--  a  (ii  irrit'd  Udy  (a^cl  35  f»  who  *(,tteJ  that  in  July,  1S66, 
^e  w»9  taken  sutldeuly,  dunug  iht  night,  with  isevcre  neuralgic  pain  in  the  right  nde 
of  the  face,  along  tJic  cuur^:  uf  the  superior  maxitlary  division  of  the  fiflh  pair.  Sinc< 
the  firsit  attack  the  [vxm  bad  been  nlmast  cian^tant,  and  fre*^iicnily  o«,turrcl  in.  pro* 
longet]  and  acute  paroxyMin^.  Before  the  disuase  manifested  itself,  ^le  w^s  of  a  fuD 
and  &.tout  habit,  and  had  enjoyed  go*id  health.  Her  ^.ufferings.,  however,  made  alarm 
Irtg  Inroads  upon  her  general  cuniititutioa.  Whca  wfi  5r$t  saw  her  i^e  waii  luarkedl) 
fr^l  and  aiuemic. 

She  w&s  able  to  take  but  little  exercise,  and  her  appetite  was  poor  and  coprlciou^ 
In  April,  tS6S,  the  ophlhaimiL:  branch  became  affected,  and  the  [lam  changed  it^wat, 
coursing  along  this  nerve  and  seeming  tu  spend  Itself  behind  the  cyehaJl^.  Htrabismiu 
convergent  fallowed  almost  immediately,  and  the  eyeballs  rapidly  prnjecte^l,  until  I* 
assumed  most  uniightly  proportions  She  had  been  untiring  in  her  search  for  relief^ 
but  finally  became  deprived  uf  hope  of  any  ameUDration  of  her  symptoms  when  thft 
Ui^e  of  electricity  was  suggeM^^  We  made  an  extremely  mild  ajipli^ation  of  a  faradlt 
current,  and  succeeded  to  a  conudcrable  enient  in  dissipating  the  pvoxysni  from 
which  &he  was  Ihen  suffering. 

During  the  two  days  that  mtcrvened  before  the  se^und  visit,  she  ^ufTered,  but  not 
su  severely  as  before.  When  ahi;  presented  herself  for  ihc  third  application,  she  had 
an  encouraging  account  to  give.  For  three  nights  she  had  experienced  absolutely  no 
pain,  and  both  the  strabismus  and  the  projection  of  \h<e  eyeballs  were  materially  les- 
sened. She  eontinued  to  prcgresi  towards  recovery  during  the  succcdling  te«i 
week^  until  her  neuralgia  was  entirely  overcome,  with  the  exception  of  a  ^l^hi  ujx 
natural  prominetice  of  the  cyeballA.  The  eyes  were  re&tored  lo  their  nofmal  appeat 
uice  and  position. 


^^tvraJxia      the  head^  aenmpamtd  iky  im/tiirmrnt  9/  lighi  and  vfrttgo^  in  a 
ft^ed  70  —  Ttmtmtnt  6y  /ocaliwii  /araiiisatwn, — Approximate  rtcovtry^ 

XXX VII, — An  aged  twJy,  beiwwn  70  and  £0  years  of  age,  applied  to  ut  on 
(Mie  oi-'oaslMn,  h>  ^lirecliJii  of  Dr.  U.  B.  St.  John  Ro.j>a,  fi-r  ll*e  julicF  of  a  nio-^t 
a^onUin^  (^-'►Ucss  in  the  head. 

The  pains  svtrc  evMctiily  neur»I^c  in  uharacrcr.  They  tlartcd  over  the  head  in 
ftl!  «j)recliu[L5,  from  the  foreliead  lo  ihc  occiput,  but  were  mysil  severe  imiiie«liia(e]y 
behind  tntl  above  tlw  ears^  The  eyelids  were  :iffectcd  to  a  coni^iderablc  extcnl, 
ieeming  constrittcil  and  heavy  ;  and  Kuntrtimes,  during  a  paroxysjn  of  more  [hai> 
srdinAry  iiucn.sityt  the  &i^ht  would  be  much  impaired  for  hourv  When  the  severity 
of  tlw  attack  had  ahatctlp  she  would  be  annoyed  by  a  per^i-slent  diuiness,  so  (hat  &h« 
coutd  willi  difficulty  stand  erect.  Previous  to  this  atuck  in  the  bead,  she  hod 
Hiffcrcd  from  liimUaj:  pains  that  extended  up  the  arm  to  the  breast, 

A  grnlle  application  or  the  Taradic  current  to  the  liead,  during  a  most  sevse 
pafoxysm.  greatly  relieved  her. 

Not  only  was  (he  pain  entirely  diFaipated.  and  the  oonstrtction  and  hcAvbos  of 
the  eyc:k  reitiuveiLl,  but  fur  many  hours  after  ihe  wa»  entirely  free  from  vertigo. 

The  appiicalions  were  continued  at  intenrats  oF  several  days,  for  a  number  of 
limeSp  ami  accomplished  an  approxiniate  cure.  Occasionally  she  suffers  from  a  return 
of  the  paroxy^s;  but  ihey  arc  of  a  much  less  severe  charncler  than  formerly,  And 
are  at  once  dl»iipated  by  Use  current, 

Faeiai  nfural^a  ef  stvtral ytari'  itaniUng  suaess/vNy  irtaiid  by  locaiiud  faradi- 

Cask  XXXVtll.— Mf^i  S  ,  a  patient  uf  ih  J,  O.  Farriugton,  aged  65,  had  for  a 
number  years  been  a  i^rt;ai  siutfeier  Froin  A  mwl  acute  form  uf  neuralgia  of  the  face, 
frequently  ai.>ocLaicd  with  verliyo  and  iiausi^ii.  The  point  from  wliich  (he  pains  radi* 
ated  and  darted  ii\  all  dircciiom,  to  the  temple,  iIk  ear,  and  even  down  to  the  neck, 
was  utualed  close  up  to  the  right  ala  of  the  nf^^e. 

The  patient  would  oocuionaUy  remain  a  number  of  weeks  compArativety  comfort' 
able,  but  as  a  rule  not  more  than  a  few  days  intervened  Wlweea  the  attacks^ 

A  mild  [aradic  current  was  applied  through  the  tinger^  of  the  operator  during  a 
season  of  great  distress-  This  not  only  alJevialed  the  pain  for  Ihe  lime  being,  but 
during  the  two  succeeding  days,  after  which  she  pieiented  herself  a^ain  fur  treatment 
The  relief  continued  complete. 

At  iutervaU  the  patient  was  treated  in  ibis  way  for  about  two  montlts.  Sh«  had 
in  thi*i  lime  hui  one  or  u*o  attack**,  slighter  than  itsuol.  She  discontinueii  treatment^ 
■od  during  the  following  sammer  was  entirely  free  from  them.  En  tlie  fall  &he  bej^an 
to  suffer  again,  and  submitted  some  half  a  doscn  times  tp  the  old  method  of  treat- 
ment, and  tQ  the  date  of  writiiig,  ax  monllu  subaequeatly,  she  baa  remabed  £re« 
from  the  attacki. 

It  is  worthy  of  remark  that  in  this  case  the  galvanic  curret^t,  howcvei 
loildly  applied,  seemed  only  to  aggravate  ihe  paroxysms. 

Peripheral  Neuralgia.  —Neuritis,  neuroma,  the  continued  action  of 
cold  or  wind,  wounds,  or  :ther  injvmes  of  the  nerve — all  these  may  give 
rise  to  the  peripheral  form  of  nenral^a.    Neuritis,  or  rather  inflainmation 
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of  tlie  neurilemma,  musl  be  regarded  as  one  of  the  most  rreijuei  t  c^usof 
of  peripheral  neuralgia,  and  ihia  inflammatory  condition  may  depcud 
upon  sonic  form  of  mechanical  irritation,  as  longcontinued  pressure  of 
the  child's  hoad  in  labor  on  the  sciatic  plexus,  or  l>y  the  concentrated  poi 
son  of  gout,  rheumatism^  taalaria,  or  syphilis,  acting  locally.  Ii  may,  of 
■course,  be  conceded  to  the  advocates  of  the  purely  central  theory  of  neu 
lalgia  that  there  may  be  a  constitutional  predisposition  to  neuiaJgia,  but, 
on  tJ]e  oti^t^r  hand,  it  must  also  be  conceded  that,  in  many  cases  jit  lcas% 
sonic  exciting  cause,  acting  on  the  periphery,  is  necessary  to  develop  iL 
Tf  ga/fft^riL^Thc  ircattnent  of  peripheral  neuralgia  should  obviously 
be  of  a  peripheral  character;  sta^ble  faradization  and  galvanization,  and 
electric  moxa.  In  doubtful  cases,  that  refuse  to  yield  to  this  method 
of  treatment,  il  is  well  also  to  try  central  and  general  clectri/.ation. 

Cti^ko-^rachial  Hfumlgia  of  ie/i  tiJr^  of  six  nwnths'  staniiiitf^i  *m  a  matt  oikfr^ 
loisfin  good  heattk — Rrcavery  itndEr  itfeaUvd  faradimtUn  and  gah'\iniMti0w. 

Cask  XXXIX. "Mr.  Q  ,  a  ^touf^vignrous  genllemani  of  midtUeUfe,  was$efU  to 
by  Dr.  Jared  Linbltfy,  April  i,  1SO9.  The  patient  complained  ofcervtco  bracliinJ  ueii* 
ralgiu  in  the  left  side.    Ttie  pain  esttcnded  from  tlic  occiput  down  the  arm^  And  Wit 
most  severe  at  night :  tender  point  on  the  occiput.    We  judged  tliLt  tbc  neuralgic 
Wsft  of  ft  perLpheriiLl  characler,  and  of  a  rheumatic  origin. 

Three  mild  ftpplicadons  of  faradLutiun  gave  Ecnsible  relief.  Twice  galvanaation 
waa  IrieJ,  the  ncgaitve  pole  being  placed  qh  the  occiput,  over  the  tcoJer  s(x>t,  and 
the  positive  on  the  shoulder,  or  on  the  $ide  of  cbe  seventh  cervical  vertebra.  After 
the  Aixlh  application  the  patient  aniiouuced  that  he  was  eiititely  well,  and  discon- 
tinued treatment.  Although  both  faradiuEion  and  galvaniattiQii  were  manifealy  of 
service  m  this  ca&e,  yet  the  former  accompUslied  the  chief  port  of  the  ta^  before  ttv 
laiter  wu  brought  into  requiMtion. 

Gaitralgia, — Gastralgia  may  perhaps  be  included  under  peripheral 
tieuralgia,  although  there  is  roojn  for  much  discussion  on  this  point. 
Our  results  in  gasfralgta  have  thus  far  been  more  saiisfaetory  fhan  itt 
arty  other  neuralgia, 

Tlie  following  case  illustrates  how  utterly  futile  internal  medicatioc 
IS  in  certain  neuralgias,  and  what  a  vast  di^erence  there  is  between  the 
remedial  power  of  the  faradic  and  galvanic  currents. 

A  viry  sfvert  cast  ^/ {Aronic  gajiraigia  of  a  fiiri&duta.ture-^/dMrygar^sttmiimg— 
rtlievid  By  ^alvanisittion,  after  faiiurt  of  farad*  vit ion. 

Case  XL. — Mr*  B.>  a  gentleman  from  Charleston,  S,  C,  consulted  us  in  Janu- 
ary,  1S67.  The  history  of  hi»CA«e  ls3^uhstantially  foJIowa  :  Jn  the  Latter  part  of  |86| 
Im  w  taken  with  a  severe  attack  of  neuralgia  in  the  Imck  of  the  head  and  neck. 
Sivilor  attack!  recurred,  in  paroxy^mSf  every  few  weeks  for  About  two  yc^rft.  1q 
Deer luhcr,  i86jf  while  suffering  from  severe  pain,  colchicum  was  |Kcscrtbed,  co  fat 
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twkea  tvtry  two  hoon.  Not  ntidcrstAndbfi  ih*  nature  of  the  *!rug,  Ke  tooV  it  ewj 
half  houi  for  five  hours.  This  impntdent  do«ing  was  followed  by  persistent  vomiting 
mid  retching,  which  Lvted  for  devea  days  and  nights,  producing  excessive  proslniticKtt 
and,  in  the  cnd^  total  unconsciousness. 

Aculc  E3.5^trilis  supervtDed,  from  which  tic  recovered  with  ditficulty,  but  only  to 
tuflcr  from  neurail^c  pdns  in  the  stomach,  similar  in  character  and  severity  to  ihe 
distress  ivliich  he  had  previously  espertenceJ  iri  the  head.  Thew:  paroxysms  were 
finally  subdued  by  quinine  and  opium^  and  for  three  months  he  was  comparatively 
well.    In  April,  the  neumlgiA  in  the  bead  relumed,  for  which  he  took  a.  Urge 

dose  nf  morphia.    Kxce^^-sive  vomiiin^  waa         Uiduced,  fol^owl^d  by  gastralgia, 

From  that  time  untit  wc        liim,  January,  et^rry  night  futd  httn  passtd  ah 

inuftral>U  agony.  For  the  fust  few  hours  after  retiring  he  would  sleep  with  some 
(lej^ree  of  cDrnTDrt ;  but  about  2  to  3|,  the  invarifthle  poroir^'sm  would  awaken 

Mm,  and  bani^  for  the  night  atl  sleep.  It  was  hts  custom  to  laUe  immediately  forty 
drops  of  the  tincture  of  opium^  which,  for  the  lime  being,  only  ap^;ravnicd  the  dis 
tress.  By  its  influcnee»  however,  the  pain  abated  in  about  sisi  hours,  and  in  the  m- 
lervening  ttme  Le  experienced  only  a  dull  achhig  in  the  epigastric  region.  Time  And 
again  he  bad  endeavored,  by  the  advice  of  phyidciangi,  to  gradually  decrease  the  doae 

laud.tnum  ;  bnt  all  to  no  purpose. 

It  iiA  moKt  sin^lar  and  unaccountable  fact,  Ibai  sucxv.  gtc.  of  the  narcotic  bad 
no  effect  whatever,  while  xl.  <^K,  would  act  a^  above  staled.  Without  the  anodyne 
the  pain  was  constahi;  but  he  liad  on  several  different  occasions  endeavored  to  breait 
off  from  the  ti<c  of  it  altogether.  * 

During  one  trial  he  abstained  from  the  opium  fur  nearly  a  week  ;  but  the  agony 
became  so  intense,  and  his  strength  so  ncaxly  exhausted,  that,  nolwitlistanding  a 
resolute  wilt,  human  endurance  reached  its  utmost  limit,  and  be  was  com]>elletl  to 
resume  its  use.  Constanl  sixQering  bad  kft  its  impress  on  his  pale  ajid  wasted  fea^ 
tures. 

He  had  a  wild  and  vacant  look,  and  his  gait  was  wenk  and  tottering,  like  that  ol 
an  old  man  on  the  verge  of  the  grave.  Far  a  year  past  be  had  been  seeklog  relief  a( 
the  tiamdia  uf  some  of  our  most  distinguished  men,  and  when  we  asked  him  wbal 
remedies  he  bad  been  takmg,  he  nnj>wcred  tliat  it  would  be  ditBcult  to  say  what  he 
bad  not  taken.  While  he  weu  in  Canada  hui  physician  hod  made  use  of  general  fan' 
duatitrn,  but  with  no  appreciable  result. 

When  he  came  un<ler  our  care  we  made  use  of  general  faradiiation,  both  during  a 
{MLroxysm  and  when  he  was  free  from  pain ;  but  the  faradic  current  seemed  to  be 
wholly  inoperative. 

We  then  made  use  of  a  strong  galvanic  current,  placing  the  positive  pole  on  the 
back  uF  the  neck,  just  above  the  seventh  cervical  vertebra,  and  applying  the  negative 
ovet  the  region  of  the  stomachy  in  order  to  aflect  the  solar  plexus  and  pneumogastric: 

The  application  seemed  to  refresli  him,  aiid  relieved  in  a  marked  degree  the  vague, 
dull  aching  which  wa^  always  present  in  the  interval  between  the  parosiysras.  It  an 
increased  his  appetite  that  in  a  few  houra  he  ate  a  hearty  meal,  «omelhuig  which  be 
had  cot  dothe  before  in  two  years. 

At  the  usual  hour  on  the  following  night  the  paroxysm  returned,  but  was 
singularly  located  between  the  shoulders,  while  the  stomach  wai^  almost  entirety  free 
from  pain.    Aftrr  rh?  wcond  application  tlie  pain  resumed  its  scat  in  the  stonuteh, 
but  a-v  aot  of  such  a  severe  chvacter  as  formerty.    Bclievbg  that  (be  tonic  pro- 
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|iertia  of  the  electHdty  would  enable  him  to  do  wltbout  the  opium  more  rc«dBgrJ 
im  previous  occasions,  we  adTiiscJ  ih^t  it  be  <li:^minued.  It  wais  a,  mfvil 
nndertaking ;  but,  for  three  wceki^,  unlil  he  imperatively  cilied  SoutK,  not  * 
partitrte  piLfsci  Uh  lip&  He  received  In  ail  but  Wi  applications  of  ilie  j^vaaic  cut- 
rent,  uid  ahliough  ihc  cure  wii  hy  no  means  complete^  yet  tkc  relief  he  CXfieriakOed 
wa*  poaiuve  aitd  Mitisi  f^aiifyitig, 

I  lU  ftji}>etite  rcmaiiicti  pcrmiuieiilly  better,  and  digcfttioa  was  pcrfoiDied  with  more 
cum  Tore  attd  rapiidity.  The  ri^lariiy  of  the  puoxysms  wu  broken,,  uid  ihcir 
teveritv  ameliorated. 

Ihe  wil<f,  wuiUeriai*  ii>ok  of  tii^rc^  which  M'osever  stamped  upon  his  featara^ 
gave  place  tq  a  calmer  and  more  hopeful  eipre^sionc  linfortunatciy,  circuimtaucet 
reodereiJ  it  imfxtstiihle  fur  him  to  remain  lotk^r  at  the  North ;  but  toffidaiL  benefit 
bud  been  denve>d,  diiring  the  brit^f  liiae  that  be  w  as  under  our  care,  to  rendrr  it 
probable  that  siitl  further  Amcliuration  of  hi^  remarkibic  ^^ptonu  would  have  hem 
^btaiiDrtl  by  a  jjcisislcnt  use  of  ihe  galvanic  itn^am.  We  were  the  more  hopeful, 
Erunt  the  fact  that  on  a  previous  occasion  we  had  treated  succesfutiy,  bjr  geoeral 
eleclrif.^tiuu  wUli  the  faradic  current,  a  lady  $ufferiug  from  this  forro  of  neuraljpa, 
bnt  of  a  kss  aggravated  character. 
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So  far  as  regards  ihe  treatment  of  this  case,  the  point  of  pariiculat 
iDtere^t  lies  in  ihe  fact  thai  the  galvanic  current  was  of  value,  while  the 
r&radic  was  wholly  inoperative.  By  the  use  of  the  galvanic  current  the 
pain  was  immediately  relieved,  the  digestion  was  strengthened,  and  the 
appclilc  sharpened 

Ait'iomirtftl  rteuralgia  iff  an  egommHg  ckar^tfrr,  attM-iattd  mitk  mutfvkir  t^^swu 
^Dttidid  t^m/itfitry  rfiiff  fr&rtt  iofal  gaIvaHitaUi>H-—Svht^tfeHt  tm/r^vrntrm 
wAitJk  fotiiSIy  might  in  some  nUiiturt  Atw  iten  dut  t9  Iht  ticandary  tffstts 


Ca^e  XX't, — Mrs.  H.^  who  suffered  froiu  mo&t  ogoniiing abdomtnal  nei.ira){;ia,  wu 
referred  tu  us  in  April*  The  complicalioitt  in  this  case  were  peculiar. 

The  {iaroxymi)i  of  [lairk  were  as^ctated  with  spasmodic  Comractii>nb'  of  tKe  abdoini 
Vfil  musdc^  iif  &uch  severity  as  to  uece&utate  the  canslacit  uv  of  Mibcutancou^  iojec* 
Jont  of  morphidL 

Ten  ycai^  ii]^o  the  patient  miscarried,  and  for  two  ]rears  thereafter  she  was  annogpedl 
occasioTiaUy  by  sti^lit  neural|pc  piius.  Menorrhagia  now  supcrreaed,  and  after  ex- 
isCini;  (wo  years  it  was  apparently  curcdf  an^l  for  eigbtecri  moniha  she  enjoyed  fuf 
iualth.  During  Ihe  last  two  years  mtrast rualiou  had  recurred  but  two  or  three  timc^ 
and  ber  &ulTcring¥  were  terrible.  She  was  taking,  by  subcutaneous  tnjecticm,  eight 
£nm!iuf  murpbine  daily,  and  so  pcriil^E cully  had  it  been  o/hnmuitefed  thai  hardJy  • 
point  on  ber  body  or  tiinl>s  could  Iw  found  that  was  not  uf  that  ;>ecit1iar  bard  char* 
actcr,  the  rci^ult  uf  the  repeated  operations  There  wa>  uierltte  displaixment  assoa 
atetl  with  ttKil  complicaliuns,  of  the  character  of  which  we  ate  not  infurmed.  Our 
treatment,  begun  Feb*  15,  lS7[,  was  external  and  local,  with  an  occawonal  ^oieral 
ap^Klication  of  the  faiadic  cuftenU  Elecliuation,  on  ihe  urhurc,  diij  not  accoaipliib 
d*  idol  pcrmiDenl  ^ood,  nnless  the  resiiltft  obKrvcd  after  the  cc&satioa  of  oar  Ki 
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mcnt  were  in  a  in^surc  secondary  to  the  electric  siimdas.  The  patient  ccrtsunlT 
^kined  tinmen^ry  during;  the  rollau-ing  year^  Temporarily  loca]  galvaiiiuliun  was  of 
much  Ktvicc  U  frequently  imluced  sfecp,  reduced  (be  iaten»ity  of  the  paroxyiiiiiuJ 
lA\a%  andi  oheii  rendered  her  more  comfortaUe  during  tlie  iatcrvcnuig  periods. 

Sivfrf  ga4iralgia  0/  foattt^n  yeat/  sUttttiing — Pcri^kal  sitoiks  at  nighi^ 
Rapiit  tiuJ  permanent  turg  under  etntraf  gahf^HiiatiifH  after  Jaiiure  of  /ara 

Case  XLII* — Dr.  S,  J.  a  phyaicidn  aged  about  36  yean,  consolicd  us  iti  ibe 
Jiatuznn  of  [87a  For  fourteen  years  he  hod  j^^i^ered  from  atlackt  gf  j^Astralgia  of  a 
most  violen*  character;  these  ati:u^ks  canie  oa  usually  at  night,  while  in  bed,  after 
midnight,  befiire  or  abotil  two  o'clock;  the  attacks  >vould  la^t  someLitnes  several 
Koiifi,  and  the  pain  wa<^  of  the  most  dLStresslng  character.  Of  the  various  methods 
of  relief  that  he  hatl  useil,  alcoholic  liquors  liccmcrJ  to  be  the  masl  effic^ious,  but  the 
rcspte  they  caKiicd  on!y  temporary.  The  appcar&nce  of  the  patient  su^;i;eiled 
robmt  health;  tiutrHioa  wiis  well  maintained,  and  the  functions  were  genenlly  well 
performed. 

Exammation  gave  little  infortnation.  Dl^enscur  the  heart  harl  been  su!.[jected,  but 
the  careful  und  rc[>cntcd  examinations  of  Dr.  Thayer  e^iablliflved  the  fact  that  there 
was  no  diieaiie  of  that  organ.  TenderoKS  of  the  epigastrium  in  one  spot  sometimes, 
but  not  always^  existcti.  We  suggested  central  galvaniiation.  The  patient  had  prfr 
viouHly  tried  fariulization  wtlhoul  any  beneAt.  We  bad  Utile  hujies  of  hclpiiig  the 
patieni ;  tht"  perM!^iency  and  fikity  of  the  symptoms  imd  their  periodicity  £ave  an 
unfavorable  pru^o^  and  only  by  our  urgent  ftolicitattioua  did  the  doctor  allow  us  to 
ex|.>erimeTit  on  himt 

Treatment  by  central  galvanization  was  commenced  January  3^  1S71,  and  was  kept 
up  for  two  mooths,  two  or  three  times  weekly,  fn  Ifss  than  two  w.-ek'^  bencAt  was 
apparent;  tlie  periodicity  and  violence  of  the  attacks  were  somewhat  modilieil,  and 
in  a  month  it  wa$evideut  that  the  di^av^  would  yield  more  or  less  permanently  tr>  the 
lreatmeiU»  Occasional  relapses  occurre^l,  v>  always  in  similar  ca&es,  reminders  of  the 
former  sufferings,  showing  that  the  evil  spirit  was  not  wholly  cast  out  ;  but  in  three 
months  frooi  the  tiiuc  the  Lreatinuat  was  commeuced^  the  patient  regarded  kiuuFcif  at 
welL 

Three  years  have  elapsed,  and  ihe  patient  is  still  well,  althotigh  en- 
g^ed  in  laborious  duties.  Th^  features  of  chief  interest  m  the  case 
were  these  : 

I.  The  sui3<;rion!y  of  central  galvani2ation  over  faradization, 
I.  The  ijcnnanency  of  the  cure  of  sucli  a  lot^g-statiding  affection, 
Sciaiica. — In  the  treatment  of  sciatica  by  electriiatiua  very  much 
depends  ujjon  ihe  care  with  which  the  current  is  a(>plted.  An  ill-di- 
rected, too  prolonged  application,  or  the  use  of  a  current  the  mechani- 
cal elfectsof  which  are  ut^duly  marked,  frequently  results  in  more  harm 
than  good.  In  ^atica,  the  pain,  as  a  rule,  closely  fi^llows  the  course 
of  the  nerve,  and,  therefore,  in  the  majority  of  instances  the  disease  it 
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typical  of  inie  neuralgia.  The  ejects  of  faradization  m  these  CAsesin 
undoubted,  and  in  our  hands  have  sometimes  proved  far  more  tA 
cactotis  than  golvanuation. 

It  cannot  be  too  frequently  repeated,  that  in  sciatica  the  fuadiccar 
rent  IS  capable  of  doing  infinite  harm  if  igQorantly  used  or  ovcMued, 
but  that  if  applied  with  that  caution  and  skill  which  experience alooe 
can  give  it  generally  relieves* 

It  is  in  just  such  conditions  as  these  that  the  character  of  the  cunent 
for  fineness  and  evenness  h  a]Uim|M>rtant,  antt  these  factors  art;fCTi(id 
combined  in  a  higher  degree  in  Kidder's  sitigle-coil  machine  tiiwi  k 
any  other.  On  account  of  the  great  caution  that  must  be  cjtercisoiin 
the  treatment  of  sciatica  by  faradization  it  is  probable  that  beginners  out 
here  achieve  greater  success  through  the  use  of  mild  galvanic  curienti 
The  muscular  atrophy  that  sometimes  follows  sciatica  may  be  treilcd 
by  localised  faradization.  Whichever  current  is  used  the  a|jpliatioD 
should  he  made  both  over  the  lower  part  of  the  spine,  to  act  upon  tfct 
roots  of  the  nerves,  as  well  as  over  the  course  of  the  nerve  in  thcl^^g. 

Gaivano  Punciure. — We  have  recently  attempted  the  trcatn«ni  of 
sciatica  by  electro-puncture. 

The  needle  may  be  insulated  or  not ;  should  be  bayooet-ihaiKd,  so 
as  to  go  in  easily^  and  may  be  inserted  far  enough  to  touch  or  petiettitc 
the  nerve.  The  moment  when  it  so  penetrates  or  even  touches  irill  be 
revealed  to  the  patient  by  a  tingling  or  pricking  sensation  throu^tiie 
leg. 

The  needle  thus  introduced  should  be  connected  with  the  ncgititc 
pole ;  biit  two  to  four  cells  should  be  used,  and  the  current  should 
be  continued  but  a  few  minutes, 

Satfrr  and  ^ it i naif  srialu-a  exciUd  by  shttructiom  of  the  hoimeh — Rttitf  Miut  d« 
imprirvttneni  under  ioealiwd  gulvamsaiiutt  wUk  m^Untd  jy^mga,  wHk  ^ 

iHetaiik  bttuh^  and  galvana-puacture. 

Casi  XLIIL — Mr  K.,  aged  39ycu%  wu  refierred  to  lu,  March  3,  l87J.bfDr' 
ConkLing*  The  pdident  bad  been  {>ccupie<d  bj  various  and  complex  iflairSf  and  hidbM 
for  years  beari]i|j  the  burdens  of  ten  men.  His  vafatlons  tiaJ  been  few  UMSUibon 
of  labor  many,  and  he  hod  fallen  into  a  conditiau  of  profound  neuraMbenii.  He^ 
^ufiTcred  from  gn^trAlgia  of  a  mo^t  violent  character,  for  which  opiates  haJ  been  ^uil* 
freely  given  ;  an  i  conslipation  and  hardened  faeces  had  resulted  that  had  caused 
tkon  of  the  buwcH  which  was  relicveiJ  only  with  di&culty  aiid  by  mechankal 

The  ;>claiica  of  one  &idc,  from  which  the  patient  was  sufCertng  when  we  wfrv 
in,  seemed  to  be  of  a  ret^ex  chajacler  from  the  coa&*ipaliaa«    The  pain  was  fctffal|. 
and  there  va^  of  course,  lameness  and  atrophy  of  the  musdcs  of  ibe  leg.  Al 
excessive  byperasthesia  appeared  cufcf  the  thigl^  eapectally  in  the  region  of  lbs  ^iiA 
Dcnre,  and  there  wasgrcit  tenderDcsb 
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We  tried'TKriovf  methodi  of  electrization  ;  Ectiera!  furadiiuiiion,  for  the  patient 
mas  much  dcbilkated ;  localized  faradiicAtion  with  sponge*  and  wiib  the  metnllic 
brush  ;  central  g^alvai^ixation,  ItKaJiied  gqjvaniialion,  and  galvario«punclure. 

Localised  galvanization  wilh  cartents  nf  medium  strength,  and  continued  for  on  hour 
oi  so  jun  as  the  paiienL  had  retired  for  the  night,  seemed  to  be  more  efficacious  than 
mny  oLhcr  method  or  manner  of  treaimetit.  Almost  always  tl  soothed  the  pain^  re- 
laxed the  stiff  ami  aching  roustlea,  and  this  relief  frould  last  for  hours,  perhaps  giT< 
m  good  tiight's  sleep.  The  proceeding  was  to  place  one  pole  on  the  spine,  and  to  pass 
the  other,  without  regard  to  the  direction  of  the  current,  up  aad  down  over  the  region 
of  the  sciatic  nerve. 

A  f'cw  tiriifo  M/c  tried  galvnno*pimct are  with  insulated  and  non-insuUted  needlei. 
The  needles  were  thrust  m  <juickly  and  firmly  until  they  came  near  tKc  iierve»  and 
sometimes  they  touched  it,  as  wa*  evidenced  by  the  litigHng  and  pricking  Bcnsatiniis 
excited  that  were  felt  down  the  leg.  The  punctures  vere  made  on  various  poinii 
down  the  back  part  of  the  thigh.  No  an^sthelic  was  used,  but  once  or  twice  locaJ 
anaesthesia  by  means  of  carbolic  acid  and  ether* 

We  were  persuaded  that  this  treatment  by  pancture  did  good  ;  that  it  gave  tlie 
pAiieat  A  start,  And  enabled  the  external  galvanization  to  do  it&  work  at  iKtter  advan* 
tage.  The  patient^  though  a  man  of  strong  will  and  dcciMun,  terribly  dreaded  ib* 
thought  ot  the  needles,  and  we  were  obliged  to  abandon  tlieir  use.  The  needles  were 
^way&  connected  with  the  negative  pole,  the  po3:ittve  being  applied  externally  by  a 
sponge  or  cloth  cover. 

This  case  was  treated  off  and  on  for  four  months,  and  with  slow  and 
not  very  steady  improvement.  It  was  a  long  lime  before  the  patient 
could  ride  or  sit  long  without  causing  pain.  In  a  few  weeks  he  com- 
pletely recovered. 

Sciaiica  from  strain ^  of  tevtrat  mofttAj'  duration — Immediate  improvement  under 
g4H4rai /oradi^atieH  amd  taeaititd  gahtaMitati^H — Suhe^ittfaf  nhtpst  and  ^nai 

Cass  XLIV. — Mr,  W..  i^ed  about  40,  was  referred  to  as  by  Dr.  C  E.  Bucking- 
hana,  of  Boston. 

The  patient  had  been  suffering  for  »vcra!  months  from  Kvere  pain»  along  the  course 
of  the  sciatic  nerve.  He  had  not  been  especially  exposed  to  cold,  and  aa  tbesym^ 
toin$  came  on  suddenly,  he  could  only  attribute  the  disci^  to  the  unusual  exerllon 
of  lifting  a  heavy  trunk  a  short  lime  previou^y. 

The  limb  had  atrc>]>liied  somewhat,  and  the  general  health  of  the  patient  was  some- 
what impaireiiL  He  was  submitted  to  general  faradization  and  to  galvanifation  of 
the  affectcJ  HmU  A  dozen  applications  resulted  la  very  great  allevtattoiii  of  the 
levere  pain  which  had  for  50  long  a  time  diatrcjised  him,  anil  we  felt  hopeful  of  a  speedy 
recovery.  Unfortunately  the  patient  exercised  too  freely  in  walking  one  day,  and  in 
tddition  probably  took  some  cold.  At  al!  events  the  neuralgia  returned  in  fiiill  force, 
and  »j  dUcouraged  the  patient  that  be  almost  immediately  sailed  for  Europe^  whm 
tftcr  a  number  of  montlu  he  recovered* 


Tke  value  of  the  fvadic  current  b  illustrated  in  the  following  ca«e  : 
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SaatiKa  of  severai  month  f  durathn  jwr(<rs)fulfy  trfatcd  fi/  /araJ/sati^, 

Case  XLV. — An  okl  getulemati*  ajteii  76,  was  sent  lo      by  Dr.  F.  EUiot  lo  lit 
trcaitcd  forA.  conditinr)  of  general  paresis,  associated  with  winch  was  a  mvc  re  neural 
of  the  scUtic  nerve  in  Iwtb  limhs  whidi  bad  rlUlresscf]  him  for  a  number  of  montluL 

T1i«'if  was  a.  I^k  of  cA-ofdinating  poM'cr  III  Lncomoliori*  togetht^  wilhd^idcd  ftfue^ 
thesia  of  both  upper  and  lower  ejclremitietv  The  Jeft  fool  and  nnkJe  were  eaor' 
mou^fly  iwoUcHj  and  in  this  limb  the  pain  was  far  more  wvcre  rlian  in  the  other. 

The  patient  was  treated  by  general  and  local  farndtiatian ;  and  in  (he  cour^  of 
wvcn  Applications  ihe  swelling  nearly  suh^tded^  and  tlie  neural|^a  was  quile  tuUlcML 
The  patient  sabsequently  died  frum  cerebrti  efltisioiu 

Se^/ca  fQllci»ing prtssurt     the  child's  head fart uritiiftt — Lotali^ed gaJvamfm' 
fioH  it  foH&med  by  aUeviaiian  0/  pam  and  recovery. 

Case  XLVL — Mrs^  ,  ngetl  AbrnuC  40,  w**  t'lmfiiie-l  in  March,  1873,  aikI  aftrf 

great  *iiflerirjp»  and  hy  the  «m;  ^if  the  foTccp%  shti  was  delivered  of  a.  ?.titl-t»m  cliild. 
Through  the  pn^ssure  of  the  chtld'a  head  ftte  nerves  hoil  sustaenad  serioijs  shock,  and 
for  many  dayfi  before  seeing  her  she  bad  exidtired  the  moRt  severe  neuralgic  pttiii&  in  tkr 
left  HmU 

Nothing  Mcmed  to  gjvc  more  than  tempomiy  relief,  and  at  the  time  thai  we 
sent  f^f  by  Jier  physician,  Dr,  Oliver  White,  the  onset  of  hy-MericnJ  synrpioms  ren* 
dercd  the  puiicnt  a  most  pitiable  object.  It  was  with  difficulty  lliat  iJic  could  be  in- 
duce! to  .submit  to  treatment,  but  finn.Uy  a  nxild  application  of  liocallzcd  {jdlvaniiAfioa 
was  admimsterefl,  and  seemed  to  be  $outhing  ict  its^  effects.  The  total  tiumlwr  of  ap- 
pUtattnnii  i;iven  was  cigbt,  and,  witb  the  exception  of  one  sriuice  wliich  was  fi>llu«r4 
by  iucxeaKrd  pailL,  every  trcjtincLit  resulted  in  an  alleviHtiuiii  of  iuffcriiii;,  and  Anally 
rctovcry  was  complete. 

The  pain  hod  not  entirely  left  her  when  the  galvruiization  w.ia  disci^nlmucrl^  but 
grew  less  and  less  every  tlay  for  a  week  or  so  until  her  (Imb  wra  tn  gotxl  condiliopn- 

Dr.  V,  P.  Gibney.*  of  New  York,  has  reported  the  results  of  32  cascfl 
of  sciatica,  treated  by  the  Strong  g.il van ic  en rreni "  :  24  received  iov 
[jieUiaie  temporary  relicfn,  j  were  moderately  benL-fited,  and  5  received 
no  relief;  16  were  perniatienily  cured  without  a  relapse*  7  relapsed,  bu! 
subsequently  improved.  The  further  liistories  of  5  cases  were  ntJl 
traced.    About  ihirLy  Ledanche  elements  were  employed. 

Jifjicx  A^curalgia.  —The  term  reflex,  as  applied  tt>  paralysis,  is  at  once 
common  and  suggestive*    In  the  same  way  it  is  applicable  to  neuralgia. 

As  in  children  paralysis  freqiiently  follows  the  irritation  of  teething 
or  dysentery,  and  in  older  persons  that  of  urinary  disease,  so  neuralgiji 
of  distant  parts  may  resvdt  from  uterine  and  other  disorders.  Neural- 
gia of  the  fifth  pair,  caused  by  a  carious  or  false  tooth,  is  a  common  and 
well-known  reflex  resuU  of  mechanical  irritaiion.  The  treatment  of 
reflex  neuralgia  is  by  no  means  so  empirical  as  that  of  the  peripheral 
variety.  If  a  c^irious  tooth  is  at  the  root  of  the  evtl  it  must  be  removed. 
•  Transactions  of  Am.  Mecl.  A»ociation  for  tSSo. 
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If  the  cause  can  be  traced  to  uterine  disease,  the  skill  of  the  gynae 
cologist  is  called  for.  Occasionally  clccui/ation,  through  its  power  of 
subduing  local  irritation  nr  inflammation,  efTeciually  relieves  the  remote 
neuralgic  pain,  of  which  the  irritation  or  inflammation  is  the  cause, 

Neuralgia  of  l^fi  Ug^  apfUFeHtly  proc^rding  /rem  ovary — Rfcevtry. 
CaS£  XLVII. — In  the  CM  of  a  young  laily  wboliAcl  safTcred  for  several  months  from 
the  most  M;vtre  neuralgic  pains  down  (be  left  Iqi,  taciilc  exnminalian  revealed 
marketl  lenderncfeto  pretsure  in  tlw  left  ov»rt:m  region.  No  other  ponion  of  Lhe 
»K)dy  wa^  c^ipetinny  suscc|.til)lc  to  tKe  (ouvh.  It  is  proper  to  state  that  the  patient 
WE*  not  at  all  hysitfiical,  (hat  exercise  ^gravated  the  pain,  ami  that  the  iiciir.iLgia  of 
thr  liml)  wfts  in  proportion  to  the  tenderness  over  the  ovary.  She  wn&  jinincdintcly 
rclievisl  l>y  LocalUeit  fara(^i2aliob,  ftnd  completely  recovered  in  lhe  counwof  six  wceka^ 
after  having  received  twelve  nppljLiiticjni. 

Nrurat^ia  in  the  warian  rtghn^  ever  the  ahdc,men^  and  txftnding  dow/t  the  timhi^ 

Case  XLVHI.^MLss  L  ,  nlioul  23  year*,  of  age,  anil  ft  palicnl  uf  Di.  Frederic  D, 
LenlCf  had  for  ^veral  year;i  ^uJTercd  much  distress  from  a  neuralgic  nfTection  of  the  ab- 
donicn  and  lower  cxtremkl^.  Tl«  pain  was  e5|>cciaHy  srvefe  and  conslunt  in  the  region 
of  cither  ovary.  According  to  the  Ur*,  uterine  difiiciiliy  evidentty  existed  ;  but  ps  tocat 
Ircalment  was  oat  of  the  tjuestion,  and  as  Uic  ordinary  externa]  and  intemaJ  remedkt 
had  been  tised  without  much  Ijenefil,  were  requested  by  Dr,  Lenle  to  test,  in  h« 
case,  the  effects  uf  cicclriialiuii.    Simple  ficnctftl  faradbLation  provei!  most  erficactous. 

Some  dozen  a|i]iIitilioni<i  suffice"!  to  disi>3paie  completely  the  pabs  from  winch  she 
suHVred  and  tu  markedly  improve  her  general  condition, 

A  year  siibscqnenily  the  above  patient  was  annoytd  again  by  the 
same  symptoms^  but  a  short  cotirae  of  the  sajiie  method  of  trealtiient 
relieved  her  a  second  time. 

Gahank  belts  atui  disks  for  the  treatment  of  neuralgia  have  been 
recommended  by  HiffelsheSni,  He  applies  lhe  belts — either  Pulver- 
niachcr's  or  Davies*— moistened  with  vinegar,  to  the  painful  locality, 
and  allows  them  to  remain  there  for  days,  weeks,  and  even  months 
Although  Hifff  Isheim  reports  some  good  results  from  these  appltcaiions, 
y^i  it  must  be  admitted  that  there  is  as  yd  no  sufficient,  reliable  evi- 
dence that  they  have  succeeded  where  galvanization  or  faradization 
has  failed,  or  that  they  have  any  positive  advantage  whatever,  except, 
perhaps,  for  those  who  arc  so  situated  that  they  cannot  receive  ordinary 
treatment.* 

*  The  therapeutic  result!  oMamed  by  wearing  galvanic  chains,  belts  dlskt,  sale>, 
girdle^  «lc.,  idu^t  depend  on  the  manner  of  their  construction  and  appMcatioQ. 
Many  of  those  whkh  are  sold  in  the  stores  and  exlensively  and  inJiscriminilcly  uted 
by  the  laity,  are  m>  arranged  that  the  feeble  currents  which  they  may  generate  fail  to 
make  a  circuit  through  lhe  body,  and  rccombine  in  the  melals  themselves. 
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The  objections  to  and  disadvantages  of  this  mclhod  of  treatment  h. 
neuralgia,  as  in  all  other  afTections  for  which  it  his  been  so  widely 
employed,  are  these  : — 

1.  The  cnrreni  which  they  generate  is  very  feeble  and  inconstant; 
and  probably  does  not,  except  under  peculiarly  favorable  cixcumstanccsi 
penetrate  far  beneath  the  epidermis. 

2.  They  can  only  he  used  locally.  Many  of  the  syn^ptorns  for 
which  they  are  used  are  of  a  constitutional  character,  and  can  only  be 
permanently  dispelled  by  measures  calctilated  to  affect  the  whole  sys- 
tem. 

3.  They  are  usually,  and  sometimes  necessarily,  applied  to  the 
fleat  of  the  pain  rather  than  to  the  seat  of  the  disease.  In  galvanization 
and  faradization  for  local  neuralgia,  it  is  found  that  the  best  results  are 
obtained  by  treating  the  seat  of  the  disease. 

4.  They  sometimes  cause  ulcers  that  leave  permanent  cicatrices* 
The  benefit  chat  is  derived  from  thein  is  probably  due  in  part  to  their 

influence  on  the  imagination. 

These  arguments  against  the  use  of  gal^ranic  belts  would  be  vattiel^ss^ 
if  experience  could  demonstrate  from  their  use  any  great  utility  or  tfiy 
verj"  positive  advantage* 

It  is  T^ot  impossible  that,  in  future  improvements  in  the  construction 
of  these  belts  and  chains,  and  more  scientific  experiments  in  their  u»e, 
we  may  develop  advantages  from  them  which  they  have  thus  far  failed 
to  exhibit,  and  may  accord  to  them  a  position  in  electro  therapeutics 
to  which,  from  the  results  of  the  past,  they  are  not  entitled. 

The  fact  that  they  have  thus  far  been  used  aimost  exclusively  by  the 
laity,  and  have  been  made  the  theme  of  noisy  advertisements^  so  far  from 
discouragingt  should  rather  stinuilate  men  of  science  who  have  any  faith 
in  their  efficacy  to  rigidly  investigate  and  interpret  their  claims  to  a 
position  among  the  appliances  of  electro-therapeutics. 

Those,  however,  who  experiment  with  these  contrivances,  should 
remember  that  the  mechanically  irritating  effects  of  metallic  bands 
applied  to  the  tender  skin  are  not  inconsiderable,  and  that  the  then* 
pentic  results  which  appear  to  follow  their  application  may  cot  unlikely 
be  due  whollyt  or  in  part,  to  ^ounter-irriiaii&rt. 

(For  furihir  rtmarks  cn  this  subj^ct^  see  Afyalgia.) 


CHAPTER  XIX. 


ANiEBTHESIA. 

Akastresta  is  (lerived  from  a,  privative,  and  owrdtivc^iai,  to  perceive^ 
&nd  therefore  literally  signifies  a  deprivation  of  sensation.  It  is  a  symp- 
tom of  some  organic  or  furictional  disease  of  the  central  or  peripheral 
nervous  system.  The  kinds  of  anaesthesia  are  as  various  as  are  the 
nerve  ramifications,  and  the  symptoms  that  accompany  it  are  modified 
by  the  locality  and  causation  of  the  disease*  All  forms  of  anesthesia, 
as  of  paralysis  of  motion,  may  for  the  sake  of  convenience  of  descrip* 
tion  be  classified  under  these  four  general  divisions ;  ConstiCutional^ 
central}  peripheral,  and  reHex. 

There  are  five  kinds  of  sensibility,  all  of  which  are,  of  course,  modi 
fications  of  general  sensibtliCy,  and  all  o(  which  may  become  diminished 
by  disease  : — 

1.  Taciile  sensibility* — This  is  the  form  which  is  most  frequent,  and 
best  appreciated.  Diminution  or  loss  of  this  sense  is  usually  known  as 
anasthtsia. 

a. — S^nsibiiiiy  to  tempsratttre — heat  and  cold, 
3,  Sensg  oj pressure  or  weight. 

4*  Sense  0/  fain.— This  is  quite  distinct  from  tactile  setisibility,  with 
which,  on  superficial  observation,  it  is  often  confounded.  The  loss  of 
this  serise  is  called  anaigesta.  These  different  kinds  of  sensibility  may 
be  very  uneqiially  affected  by  disease.  One  form  may  be  entirely 
destroyed,  while  the  others  remain  intact  Thus,  while  tactile  sensi- 
bility is  perfect,  the  prick  of  a  needle,  when  thrust  into  the  flesh,  is  not 
felt.    In  such  cases  there  is  anaigesia^  but  not  anmsthesia^ 

5,  Far  ado-sensibility. — ^This  form  of  sensibility  appears  to  be  suffi- 
ciently distinct  to  entitle  tt  to  special  mention.  Farado-sensibiUty  may 
be  quite  active  when  tactile  sensibility  is  much  diminished. 

The  diagnosis  of  anaesthesia,  except  in  very  delicate  cases;,  is  suffi- 
ciently easy. 

The  degree  of  noimal  sensibility  to  tactile  impressions  varies  widely 
In  different  parts  of  the  body.    It  is  necessary  to  bear  this  fact  in  mind, 
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*iid  to  make  experimental  trials  on  persons  in  health,  m  order  to  Arrive 
at  correct  conclusions  in  cases  of  «3isease. 

The  use  of  the  compasses,  according  to  the  directions  of  Dr.  Weber,* 
w\]\  enable  one  to  determine  in  a  very  accurate  manner  the  condition 
of  the  sensory  functions  in  health  and  disease. 

Thus,  when  the  two  points  of  a  pair  of  compasses  are  placed  u 
the  inner  surface  of  the  last  phalanx  of  the  finger,  ihey  need  to  be  sept 
rated  but  one  line  in  order  to  giv^e  two  impressions,  while,  in  the  middle 
of  the  thighs  the  points  of  the  compasses  need  to  be  distant  from  each 
other  some  fifteen  to  tw'enty-five  lines  in  order  that  two  impressions 
may  be  received- 
Sensation  tn  the  tip  of  the  tongue  is  more  acute  than  in  any  othrf 
part  of  that  organ,  for  two  impressions  are  received  when  the  points  of 
the  compasses  are  separated  by  only  half  a  line  ;  and  tt  will  be  fbunc 
ihat,  in  the  face,  this  sense  of  acuteness  dinnnishes  as  we  recede  from 
the  mesial  One, 

EUctro-diagn&sis. — There  is  a  method  of  dL'tcrmining  the  relative  e! 
tro-sensitivcne&s  of  the  two  sides  of  the  body  that  we  have  found  r 
convenient  and  reliable,  and  sufhciently  delicate  except  for  those  cases 
when  the  anesthesia  has  extended  over  the  entire  system.  Thts  con- 
sists in  the  application  of  the  faradic  current  by  means  of  a  brass  baD, 
or  other  metallic  electrode,  attached  to  one  of  the  poles  of  a  &i3idlc 
apparatus,  The  other  pole  of  the  apparatus  may  be  placed  at  the  feet 
of  the  patient,  or  at  the  coccy^c,  or  at  any  indifferent  point,  as  may  be 
convenient. 

Different  points  of  the  body,  on  both  sides,  are  altrrrtaUiy  touched 
with  the  brass  ball,  perfectly  dr>%  very  lightly^  and  with  a  mild  current 
In  order  to  test  the  sense  of  pain,  the  ball  should  be  covered  with  a 
moist  sponge,  so  that  the  current  may  penetrate  the  epidertnis.  In 
this  way  a  very  slight  difference  of  sensibility,  especially  of  the  upper 
and  lower  extremities,  can  readily  be  detected.  By  gradually  increas- 
ing the  power  of  the  current  up  to  the  point  of  endurance,  the  extent 
of  the  anaesthesia  can  be  ascertained  with  tolerable  accuracy.  One 
great  advantage  of  this  method  is^  that  the  same  apparatus  with  which 
we  treat  the  disease  can  be  used  to  diagnosticate  it,  and  to  mark  the 
piogrcss  from  day  to  day. 

ff^atmtnt, — When  the  aiisesthesia  ia  very  limited  iti  its  extent,  and  the 
ibcalthofthe  patient  is  otherwise  good,  localized  electrization  is  of 
ijl^cated.    As  a  matter  of  fact,  however,  very  many  anxsthclic 
p(  ptlsb  l^ofp'l'Q^  aoditu  et  taclo,  annotationa  uiAtoaiicse  et  pJ^ysialajgicA 
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patients,  whatever  may  be  the  catise  on  which  their  symptoms  depend 
are  more  or  less  ftcbilitated,  and  are  benefited  by  tlie  conslitnlional 
tonic  efft^cts  of  general  electri^atioa  In  cases  of  anaesthesia  that  are 
dependent  on  lesion  of  the  central  nervous  systemj  central  galvanisa- 
tions is  somelimes  indicatetl  Obstinate  cases  of  a  localized  character 
are  well  treated  by  the  electric  brash.  An*T2sthetic  patients  will  gener- 
ally bear  strong  currents  in  proportion  to  the  extent  of  the  anxsthesif 
with  benefit  and  without  injury.  Some  temperaments  that  do  not  feel 
the  current  during  the  appHcarion  may  yet  experience  unpleasant  r^ 
active  effects. 

Frogrfosis. — The  progno&is  in  anaesthesia^  waiving  for  the  moment  all 
questions  of  causation  or  pathology,  is  usually  very  favorable^  and  be- 
yond comparison  more  favorable  than  that  of  paralysis  of  motion. 

One  reason  for  this  difference  is  that  anesthesia  is  an  earlier  sj'rop. 
torn  of  organic  disease  of  the  nervous  system  than  motor  paralysis, 
and  is  therefore  sooner  treated.  But  we  continually  observe,  even 
when  the  two  conditions  coexist,  as  is  so  frequently  the  case  in  cen- 
tral, spinal,  and  peripheral  paralysis,  that  the  anaesthesia  yields  much 
sooner  and  far  surer  than  the  paralysis  of  motion. 

The  discussion  of  the  interesting  physiological  questions  suggested 
by  these  observations,  tliough  somewhat  enticing  and  suggestive,  does 
not  come  within  the  scope  of  the  present  work. 

Ammthtstn  of  anterior  region  of  right  tkigk^  &f  tranmatit  9rigin^  &f  ien  >wr/ 
$Umding — Permanent  reeavtry  under  locaUted  /atatiitatijn. 

Casf  XLIX. — Mr.  11. ,  a  stoiii,  vigorous  nnn  4gecf  29  yeftrs.  was  sent  to  ub  by 
Dr,  Grc^^ry,  of  Harlcni,  (□  be  treated  for  an^thesia  (which  had  Atinoyed  him  for 
nuin^  years)  of  [he  anterior  portion  of  the  ri^ht  x\i\g\i.  The  only  pos&ible  caii«b 
to  wMch  we  cnuld  zm^ct  the  symptoms  wa,s  an  inclscdl  wound  that  he  hdd  received  in 
the  thigh,  near  the  great  trochanter,  some  ten  years  previously* 

The  patient  could  noX  pasitively  stntc  thai  The  pn.rAlysis  of  &ensAtlan  immediatetj 
followed  the  injury^  since  the  ansestheida  was  not  so  noticeable  as  at  a  later  date* 
The  part  had  become  sd  iiuenstble  to  ordinary  impressions,  that  it  wu  nece^s^  to 
separate  the  paints  ofa  pair  of  compasses  some  45  to  30  lines^  before  two  impreip 
lions  were  received.  The  prickiog  i>f  a  pin  caused  no  sensation,  and  even  when  the 
point  penetrated  several  lines  beneath  the  surrace*  do  pain  waj experienced. 

Dissipation  in  eating  and  drmkinj^;,  uniisual  exercise  and  if)«s  dT  sleep,  Invariably 
aggravated  the  disorder.  The  first  application  of  the  faradic  current— mode  down 
the  spine  and  to  [he  oOected  limb — very  markedly  relieved  the  an:cstheaia,  a.iid  after 
the  third  application  the  limb  was  restored  to  its  normal  senstbiltcy.  At  the  fourtll 
*y|  he  complained  Chat  the  part  had  partially  relapsed  into  its  former  anacj^thetic  ccMI- 
Jitionp  but  occounteit  for  it  from  the  ^ct  that  he  bad  ipent  most  of  the  prerioin 
light  at  a  gathering. 
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An  applicition  again  n-Ueved  the  anaesthesia.  We  found,  as  usual  in  all  case«ol 
aiuEsthcsia,  that,  as  ihe  limb  progressed  loward  a  cure,  it  became  more  and  mort 
■eus-itive  to  the  influence  of  the  currenU 

Aftcf  Tecciving  ten  applications  the  Umh  was  again  restored  lo  its  nornuJ  sensi- 
hiiiiy,  although  occasionaLlyt  a^er  unusual  exerlioa  and  Loss  of  i\txp,  it  became  wmc 
what  fULxsiheiLcu 

In  the  case  of  this  gentleman,  the  wound  before  referred  to  was  ovej 
the  course  of  the  external  cutaneous  nerve,  after  it  passed  beticath 
Ponpart's  ligament,  and  the  beneficial  results  that  fallowed  treatment  by 
electrization  were  due,  doubtless^  to  the  fact  that  the  nerve  had  suffered 
merely  from  contusion  and  not  division. 

Hysterical  hyper^esthesia  is  much  more  commonly  noticed  with 
than  anesthesia.    Tlie  latter  condiiion  is  without  doubt  occasiooallf 
overlooked,  and  again  may  sometimes  be  feigned. 

Hysterkai  a*msihesia-^Diminuii&n  of  temperature  during  (he  atlarkf — Great  fn* 
stnsibili^ — Gradant  improvement  and Jinal  reecfvery  under  general  faraditati&H* 

Case  L. — Mr":.  S  ♦  ai^ed  33,  was  subject  to  frequent  atiachs  nf  hysteria,  with  in* 
lease  melancholy.  She  suffered  also  from  general  neuralgic  attacks,  which  were  fol' 
lowed  by  almost  ctsmplete  aiuesthesia — commenciae  at  the  fingers  of  either  hand,  ex- 
tend in  p  up  to  the  arms^  the  shoulder^  and  face^  and  finally  involving  the  tongue,  so 
that  her  speech  was  on!y  in  broken  utterances 

A5wut  the  fitigci'tiails  the  skin  iMumed  a  d«U  kadctt  color.  The  pulse  was  almost 
tmperceptihle,  anil  tlic  temperature  of  the  alTected  parts  was  considerably  beloH^  the 
normat.  InscnsibiUty  to  painful  tmprcssLon;;,  which  at^nys  preceded  the  loss  of  the 
•ense  of  touch,  was  at  first  incomplete,  but  gradually  increased.  Durinjr  the  attRck 
her  memory  always  becanne  much  imfiaired^  so  that  she  was  often  unable  to  call  to 
fnind  the  names  mo^t  dear  to  her. 

The  parox)'sms  lasted  from  twenty  minutes  to  half  an  haur^  ami  were  followed  by» 
levere  headache,  while  a  considerable  numbness  of  tf<e  arms  and  hinds  remained  for 
Ecveral  days.  Carbonate  of  nmmonia  secmerl  to  relieve  her  roorc  quickly  thaJi  any 
otherinlernal  remedy,  hut  nothing  she  had  ever  tried  had  been  of  any  very  permanent 
benefit.  An  applteation  of  the  faradic  current,  made  to  the  parts  afTectett  during  ji 
paroxysm,  always  shortened  the  attack  ;  although,  while  the  an»slhesia  lastcdi  the 
fingers,  arms,  face,  and  tongue  were  insctbublc  to  the  influence  of  a  current  of  con- 
uderablc  power. 

Treatment  by  gmeral  faradization  was  continued  dnrlng  the  interval  betweeQ  the 
IBTOXysms,  re!iuUmg  in  a  diniinulian  in  the  severity  of  each  succeeding  attacl^  mntil 
b  4  Tew  months  they  ceased  to  trouble  her< 

Afttrsthesia  &f  hft  side  0/  faee^  extending  id  left  n&strit  and  internal  Ttirfare 
ef  cAeekf  nnd  fompHcated  with  paralyris  Iff  motion — imprg^ment  and  rec^vewf 
undtr  far/idiaatiiMi, 

CAuSE  LI, — Miw  A  G.,  an  unmarried  woman,  aged  aS,  applied  for  treatment 
for  cutaneou*^  nnicahe^n  of  the  teft  side  of  the  face.    She  wa^  employed  m  a  book' 


bSndoy^  and  her  dally  Iftboi  extended  over  a  period  of  from  twelve  to  fdurteen  HcBrit 
As  a.  (jniural  cooj^quence,  her  general  health  had  become  somewhftC  impairel 

Her  menstruai  fuiictLan  wi&,  howevcri  performed  regularly;  and,  although  her  di> 
geslion  seemed  (o  be  vigorous,  ahe  was  nervous  aad  aoseiiitc. 

She  gave  the  follawing  accuunl  of  herself:  Some  six  months  previously,  she  no< 
ticcd,  At  the  dose  of  a,  day  of  hard  labor,  sknd  after  exposure  to  a  cold  biting  wi»d,  a 
■light  feeling  of  numbness  in  the  right  side  of  the  face.  This  numbne&i  rapidly  in* 
Ctcaaed,  iiulil  iu  a  ^ort  tini?  the  an^thtrsia  was  complete.  On  examining  the  (acCr 
it  vms  found  that  the  mouth  wa&  drawn  somewhat  over  to  the  ri|;;ht  side.  Thera  waa 
riLght  ptosis  of  the  Left  eyelid,  and  the  (eft  diet:k  wils  fl[Lccid..  The  want  of  cxpres- 
aion  was  quite  marked  oa  the  affocted  aide,  and  contrasted  strongly  with  the  righE 
fide  when  she  Uughedp  or  entered  into  LOIlVcr^at^on.  She  wa&  entirely  insensible  to 
ordinary  impres&tons  on  the  left  side  of  the  face^  and  the  aiucsthesia  extended  to  the 
ie/t  ftoiirii  and  ike  inifrrtal  surface  of  the  cheek. 

The  sensation  and  movement  of  the  tongue,  and  the  powcf  of  taste^  were  iuiin:i« 
paired.  Local  appticitions  of  the  faradic  current  were  given  every  day  or  two,  bat 
for  some  liltle  time  no  impression  seemed  tu  be  made  on  the  disciucd  nerve. 

It  was  only  after  treatment  had  been  contLiiuciI  two  weeks,  and  some  eight  appli* 
cations  bad  been  given,  that  any  sensitiveness  to  the  current  was  manifest  along  the 
cour»  of  the  bfth  jj^ir.  The  improvement,  however,  from  tliis  time,  althoLigh  slow^ 
was  constant. 

In  this  case  the  rule  that  the  anaesthesia  improves  more  rapidly  than 
the  paralysis  of  motion  was  reversed. 

The  anaesthesia  improved  but  little  until  the  face  assumed  its  natttral 
proportiona,  when,  in  a  short  time,  the  normal  sensation  entirely  re- 
turned. The  treatment  was  continued  during  two  months.  In  most 
cases  of  anaesthesia  of  the  trigeminus}  related  by  Romberg,  the  loss  of 
sensation  was  so  marked  that  deep  pricking  with  a  needle  caused  no 
pain,  while  in  this  case  the  anaesthesia  was  limited  to  the  skin  and 
mucoiu  membrane.  Anxsthe&ia  of  the  fifth  pair  of  nerves  may  be 
peripheral  or  central ;  in  the  latter  case  there  is  coincident  paralysis  of 
the  nerves  of  motion  and  sensation,  and  hemiplegia,  more  or  less  com- 
plete, is  oAen  present. 

The  diagnostic  symptoms  of  this  variety  of  paralysis  differ^  according 
as  the  seat  of  the  disease  is  located  in  the  course  of  the  various  ramifi- 
cations of  the  fifth  pair,  after  it  leaves  the  sphenoid  bone,  or  in  the  Cas- 
sedan  ganglion,  or  at  the  base  of  the  brain. 

The  symptom  of  anaesthesia  occurs  in  tnany  forms  of  paralysis  of 
motion — hemiplegia,  |>araplegia^  and  so  forth — and  many  cases  will  be 
found  under  those  diseases,  Ana;sthesia  occurs  also  in  wriler*s  cramp 
and  in  locomotor  ataxia,  where  it  is  a  protnincnt  symptom,  In  all  the 
diseases  where  it  exists  as  an  incident  or  complication  it  is  Eo  be  treated 
on  the  sanie  principles  as  where  it  exists  as  the  sole  or  leading  symptom* 
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Paralysis  of  modon  is  a  condition  for  which,  from  the  earttest 
tory  of  electro-therapeutics,  eiectricity  in  its  different  forms  has  b^c^-^*^^ 
used  more  than  in  any  other  disease  ;  and  not  until  quite  receotly  ^ 
it  been  demonstrated  that  there  are  many  other  symptoms  in  "^tach 
the  results  of  electrical  treatment  are  much  more  rapid  and  bnlli^ 
than  in  any  form  of  motor  paralysis.    In  hysteria  and  affections  al.  ^  ^^^^ 
to  it,  in  cerebral  and  spinal  congestion,  in  chronic  alcoholism,  neural^  ^ 
and  in  certain  diseases  of  the  skin,  electricity  rightly  used  by  the  ^dl"' 
ods  of  central  galvanization,  general  faradisation,  and  local  galvan  ^^w*' 
tion  of  die  nerve  centres,  relieves  and  cures  far  more  rapidty  than-^^ 
paralysis. 

Paralysis  has  been  especially  prominent  in  electro-cheraiieutics, 
the  reason  that  oftentimes  electricity  is  ihe  only  remedy  to  whidi^^^  *^ 
yields.    Those  who  have  restricted  themselves  to  localised  cU  ctririrfc 
have  always  given  their  chief  attention  to  different  forms  of  motor  j*^  _^>4f* 
alysis,  but  even  now  die  impression  yet  lingers  tliat  it  is  about  the  o.  -^^^^^^ 
disease  for  which  electricity  is  indicated. 

All  forms  of  paralysis,  as  of  neuralgia^  may,  for  the  salce  of  conv^  ^'ca- 
ience  of  descri  ption  of  therapeutical  indications,  be  included  midec 
of  these  four  divisions : — 

I.  Constitutional. 
3.  Central. 

3.  Peripheral 

4.  Refiex. 


Cifnstifulwnal  Pitralysis. — This  term  is  applied  to  those  patal; 
which  arise  from  some  bIood-]>oison  or  constitutional  degeneration. 

Among  the  more  common  causes  of  this  variety  of  paralysis  may  V 
mentioned  hysteria  and  the  poisons  of  certain  diseases,  as  gout,  rh 
matiiim,  syphilis,  mineral  poisons,  as  lead  and  opium,  etc. 

Rheumatic  Paralysis, — In  the  partial  but  persistent  paralysis 
occasionally  follows  subacute  muscular  rheumatism,  faradizadon 
proved  exceedingly  efficacious.    The  muscles  most  frequently 
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by  riteuniatic  paralysis  are  the  deltoid  and  trapezius  (!□  consequence 
Df  which  Lt  becomes  impojssible  or  dil^cuh  to  lift  the  arm  from  the  ^idc), 
the  extensor  musclefi  of  the  forearai,  the  muscles  of  tbc  lower  extrem- 
ities, aiid  occasionally  the  inter-ossei  and  lumbricales  muscles. 

Ele^tro-Viagnosis — Treatment. — The  electro-muscular  contractility 
in  recent  cases  is  Dormal ;  in  long-standing  ca^s,  diininished.  General 
as  well  as  purely  local  treatment  is  frequently  required  in  paralysis  of 
a  rheumatic  origin,  in  order  to  combat  the  rheumatism  in  the  constitu- 
tion, as  well  as  lU  local  manifestations  (see  chapter  on  Rheumatism). 

In  this,  as  in  other  fonns  of  paralysis,  atrophy  of  the  muscular  tissue 
occurs  after  a  certain  length  of  time.  It  is  extremely  iniportant  to  begin 
treatment  before  the  muscles  become  thus  affected.  In  cases  of  rheu- 
matic paralysis,  where  the  invasion  has  been  sudden  and  the  pain  con 
siderable,  electric  excitation  produces  pain ;  but  where  the  invasion  has 
been  more  gradual  and  imattended  by  pain,  electric  excitalion  causes 
very  little^  if  any  sensation, 

itheumatk  par tit  0/  diUatd,  of  snttral  months  standing—  K^ffvtry  undir  gtmrui 
and  lociiUxtd  faraditaiiitn^ 

Case  Ltl. — A  patient,  a  youn^  liuly  ag^ed  23,  had  l^een  unableto  raise  her  hand 

firom  her  iiJc  for  scvcril  tnunlh^  Tlie  acce-*  of  the  rheuntnLi&m  wa^  ^radiul,  and 
UnaUciiiieil  1j)  acute  p^ia,  excepting  whfia  pre^re  wa£  madt:  over  (he  afliected  mus* 
de»  or  when  she  atfempted  lo  raise  the  nrro.  An  apjilication  of  the  fanulic  cltrrcnt 
cau!«c1  pain  only  u'li«n  it  wan  uiflicitrnlly  mtpnse  tD  profiuoe  cotitraction^ 

The  mu-^ilc  rapidly  became  less  semitive  to  the  influence  of  the  current,  and 
gmduAUy  rcguoed  ita  lost  power.  The  rvsioratioa  of  strath  was  cQmplelc  in  iwo 
week*. 

We  have  treated  quite  a  nuraber  of  cases  of  rheumatic  paralysis  of 
the  deltoid^  the  trapezius,  and  of  the  lower  extremities,  and  usually 
with  the  most  satisfactory  results.  Electricity  is  always  Indicated  in 
this  condition,  and  few  cases,  doubtless  would  fiil  to  imtyrove^  even  if 
tliey  do  not  recover  under  its  influence. 

Syphilitic  Paralysis. — Syphilitic  nervous  affections  naay  exist  eithet 
with  or  wjihont  ap|)reciable  structural  change.  Paralysis  which  results 
Erom  secondary  syiihills  may  derive  benefit  frotn  electrical  treatment* 

The  principles  and  method  of  treatment  are  the  same  as  for  rheu< 
matic  [jaralysts.  There  is  as  yet  no  evidence  that  general  faradijation 
or  central  galvanisation  have  any  special  Influence  over  the  syphilitic 
l>oi5on ;  they  act  as  general  tonics  and  thus  help  the  system  to  contend 
with  the  disease. 

Liiid  Paralysis. — In  slow  poisoning  by  lead  tbe  metal  becomes  di£> 
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fused  throughout  the  whole  system,  and  exerts  its  influence^  though  it 
an  unequal  degree,  on  every  nerve  and  organ- 

As  is  well  known,  however,  the  upper  extremities  are  most  frequeniJy 
affected  by  paralysis  (more  or  less  complete)*  The  muscles  usually 
affected  are  the  extensors  of  the  hands  and  fingers,  so  that  they  hang 
down  by  their  own  weight.  It  is  probable  that  these  muscles  ai* 
chiefly  affected  in  this  disease,  as  in  hemiplegia^  because  they  are  weakcj 
and  operate  at  a  great  mechanical  disadvantage. 

EkctrO'Dl^gnasis  and  Treatm^nt-^TheL  electro- muscular  contracdl- 
ity  of  the  affected  part,  in  this  fortu  of  paralysis,  is  always  diminished ; 
Aiid  frequently  it  is  entirely  lost,  even  in  cases  where  there  is  little  or 
no  atrophy  of  the  muscles.  The  electro-muscular  sensibility  \%  usually 
unimpidred.  Diplegic  contractions  may  appear  in  this  disease,  Ac- 
cording  to  Hitzig,  mobility  in  cases  of  lead  poisoning  is  lost  before 
elcctiic  coDtracttiiiy* 

If  the  electro-muscular  contractility  is  completely  lost,  it  is  better  to 
apply  a  mild  galvanic  current  to  the  paralyzed  part  for  a  few  minute* 
before  tlie  faradic  is  made  use  of  The  latter  current  should  be  used 
dailyi  and  not  longer  than  ten  or  fifteen  minutes  at  each  sitting.  As 
tooQ  as  the  sliglitest  contractions  are  produced  by  the  faradjc  current* 
the  gah'anic  maybe  discontinued.  In  some  cases  we  have  thought  that 
(he  galvanic  current  answered  better  lhaft  the  faradic,  even  when  the 
tttu»des  respond  to  the  faradic. 

i.^/0raJysiJ  6f  nine  months  st^Hding  droj^ped  wt^ists^A/^aximttit  recaotwy  t$mdtf 
ixaiited  gaivanimtion  and faradixaliam^ 

Caw  l.m. — F.  H.,  Aged  24,  afllictcJ  with  lead  paralysis.,  gave  the  following  his- 
loiy  \  Kor  ftcvcral  years  he  liad  worked  aliauat  cQiiatantly  in  lead,  and  about  nine  monthi 
|icUw  M  liii  appticaMon  fbr  rcHcf  he  became  obstinatety  consti}mted,  suffered  from  vague 
l^lffiilil  iKc  I<j:s  sllOuJders,  and  over  the  body  generally,  and  in  a  short  time  lie  observed 
•  ^iKklod  Umctirss  in  the  wrists.  He  gjaduaUy  became  worv,  until  he  foimd  it  trnpcn* 
lltJf  U»  ruine  (he  ri^fht  hiuid  at  ail^  ajid  over  the  little  dnger  of  the  left  hdjid  be  had 

tiw  t-t>iiiiActlLin!(  of  the  JtHected  nuscles  followed  localized  fftradkatioa ;  the  g^^- 
^ItUli' t  mtrtil  jwinJucecl  sJighl  CDrtlractloni 

ItM  |*Atitii(  ^>)U  IreAte*;!  for  some  weeks  by  a  galvanic  current,  jost  mffide&t  m 
Hi^tti  lu  (wo^bi^  kliyiht  miiwular  motioft ;  and  subsequently,  when  the  Jarailjc  cur- 
«^  irliKl,  ihe  mu»dcs  reacted  appreciably  to  it. 

tlw  it^tuwnl  WM  kept  up  Tor  (wo  months  and  resuttedin  an  approxioute  teiurn 
«|  llit«hM%ital  itieu^Ui  to  thfi  affected  puts* 

i^^fytis  fr4m  Opium^  Siramonium^  ArsenUf  etc. — In  desperate 
tMM     poiftoning  by  opiutti^  electiicity  has  betn  repeatedly  used  witlk 
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saccess*  The  method  of  artificial  respiration  may  be  used  (see  chapter 
on  Arfijiciai  Respiration), 

After  recovering  consciousness  from  severe  potsoning  by  opium,  ot 
other  poisons,  the  various  limbs  of  the  body  are  occasionally  left  in  a 
peruianently  paralyzed  condition  lhat  persistently  resists  all  tjie  efforts 
of  nature  and  medicine*  Two  such  cases  have  fallen  under  our  obser- 
vation. 

Partial  para^iit  of  -upper  and  tffmer  timbt^  cau^td  by  an  ovtrdost  of  afiium — /m- 
prwtfnsnt  under  general  faradizati&n, 

Ca^B  LtV. — A  litdc  boy,  wrne  eight  yeara  of  age,  was  presented  to  us  sufferiii;; 
from  partUii  piraJy^is  of  the  lowcrr  limbe,  and,  in  a  les^dcgree,  of  both  aroisalw.  He 
could  WAlk  only  with  the  tLssbtoJice  of  another,  and  then  with  nn  uncertain,  ^ta^ermg 
gsit.  His  Icg^  were  remarkab'lj  small  and  cold,  his  bowcti  cunttnuaily  coD^tipateii, 
and  bis  general  cotiditiun  feeble.  When  but  three  years  old,  his  nurse  on  one  occa- 
£ioii  admim'iCci'cd  to  him  by  mistake  a  tea^^poonful  of  ihe  tincjure  of  opium. 

By  persistent  cfTorLs  only  wEts  his  life  uved  \  but  the  ihock  (a  his  nervom  system 
wa»  90  great  ihnt,  for  one  year  a^fter,  buth  legs  were  completely  paralysed.  Finally 
he  regained  a  pi^rlion  of  strength,  until  be  reached  ihc  condition  already  described. 

The  electro-muiicularconlractilily  ajid  electra-sensiibility,  (tut  only  of  the  limbos  but 
of  liie  entire  body,  wils  much  itn^jruved.  The  boy  could  bear,  without  pain,  a  fara- 
die  current  of  iiulBcienL  iJitensUy  to  prostrate  a  growD  person  in  CM'diiuuy  heedtL  The 
lint  i^eral  application  seemed  to  benefit  him. 

He  fe!t  llgUler  and  better.  Six  subiiequeni  &dances  increafcd  bu  appetite,  percepti- 
bly augmented  hiii  ^^rength,  and  relieved  liis  con&tipatioci.  At  this  time  hi&  legs 
brgaa  to  feel  somewhat  warmer,  while  he  was  unable  to  bear  a  current  of  great 
inlenaty  as  before.  Tlie  patient  was  under  treatment  some  two  months,  and  received 
at>oul  twenty-five  applications.  The  tempei^ture  of  his  le^  oud  of  his  whole  body, 
had  veiy  decideiily  iinptoved. 

Hb  le^  had  grown  Ufger,  and  when  he  discontinued  treatneac  lus  general  health 
was  fair,  and  hU  gait  nearly  norraaL 

Hysterical  Paralysis. — ^The  hysterical  form  of  paralysis  is  constitu- 
tional, because  the  entire  central  nervotis  system  is  degenerated  into  a 
condition  of  abnormal  susceptibility  (see  chapter  on  Hysteria  and  allied 
Affections). 

£iectro^I}iagnasis. — In  this  form  of  paralysis,  the  electro-muscular 
cxintractitiCy  in  recent  cases  is  uuitupaired  ;  in  old  cases  it  may  be  im- 
paired or  lost*  or  the  electro-sensibility  may  be  very  niuch  blunted. 
Diplegic  contractions  sometimes  appear  in  hysteria.  The  loss  of  power 
b  usually  incomplete,  and  sooner  or  later  recovery  usually  takes 
place. 

Trtaimeni. — The  disease  is  constittitiotial  and  detuands  general  ai 
well  as  local  treatment.    Ii  many  instances  general  faradization  pro- 
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moles  rapid  recovery  ;  other  cases  ai  c  very  rebellious  and  only  irnpTorc 
up  to  a  certain  point.    The  general  treatment  may  be  coinbiaed  with 
itral  galvanLzatton  and  faradization  of  the  affected  part. 
The  following  case  is  an  exan^ple  of  tts  in^uence  in  the  transient 
form  of  tliis  affection  ; — 


fyiteriial  ^ralysix  &/  right  arm — Attacks  frtquenily  repeated — Immediate  rtUef 
from  iifcaUtid /(tradiKAt*6», 

Case  LV. — A  young  laJy,  of  an  excessively  iicrvods  or^ani/alion,  was  fref^iieflllj 
subject  to  hysterical  alUcks,  when  oiic  of  lier  arm*  tgenci^illv  tlit  ris'^t)  aiwayt 
b«:ame  perfectly  anaeslhetic  aiid  aimoKt  powerLesa.  A&  a  rule,  her  arm  icnumed  n 
this  conditLon  ^.tiuut  on  hour. 

I  On  one  occasion,  imniedintely  ftfter  an  attack,  a  powerful  (hradic  currcot  was  <fi 
ttctcd  for  two  minutes  thruugh  the  ann.  From  the  wn-ist  to  ihe  shoulder,  «iiii{ritf«ljr 
dt3:«ipaliug  tlie  jiiijestheaia  a^ul  rcstoiiiij^  the  lost  power.  Many  staiilar  miifii  ■Ih—. 
ing  ^ubxt^uent  aLtack^  invoiiably  produced  Uie  wcne  rcmlL 


Gtnent/ para iy sis  &/  an  kystrrttal thamcter^  with  loss  of  mQii&n  of  h&th  iki  ttfpef 
and  iowir  /iffiAs,  and  sn/ere  atrophy  of  the  muscies  of  the  vpper  lim^s — /iem^k* 
able  lymptumi — Verygreai  impr&Demefit  &tti  aoi  a&solute  recw^  M$ider j^eripJker^ 
^  and  cetUrai  gidvaniMotion, 

"  Case  LVI. — Mrs.  of  Stoten  Island^  aged  41,  was  the  mo«it  remarkable  illw- 
traituii  of  the  clTiLMcy  nfgnlvaniiatinn  in  paralyhk  that  has  ever  falkn  under  ourobser- 
vauun.  Thw  patient  first  came  under  our  care  Sept.  25,  186S.  Nine  moot  h&  be  fore 
Bhe  suffered  a  mi&carTuige  that  l*ad  left  h«r  in  4  conJitiou  of  utiiu^  helpltt&Dess.  Boib 
Upper  and  luwec  limbi  were  completely  paraJyzol,  Lhe  only  poM'er  reiuaioing  bcin|{  a 
slitjLt  limited  tiio't'emenc  □(  tlie  hngers.  The  hajid^  were  ^>crii;JMetitly  eatendcd^  tUe 
intcr'Uik^L  greiitly  d.troj>hit!d,  and  the  inu^c^  uf  the  arm  oiid  forciirni  ucre  uiucb 
shrunken  that  ilie  circumfertrnce  of  the  arm  was  dhnuushcU  10  the  extent  of  bcCwvcn 
one  aiid  twu  mclici^  The  luwer  timbs  were  absolutely  mouoiile^s — not  a  tuitsclc 
gave  even  the  fechlest  re^[Kiii»  to  the  wilL  The  uiusdes  of  the  lower  UjdIjs  were  bsE 
lUtle  atrtiphied  even  below  the  knee;  but  the  skin  pre^trnied  a  peculiar  g^ov^  ap- 
pcdJatice  that  i^,  as^it-iated  with  j^really  impaired  Dutritioiip  whiL'h  has  tiecn  described 
by  Dr^  Mitehciif  Morehou^,  ^nJ  Keen,*  There  was,  however,  no  pain^  which 
these  phyisiicUiu  fooad  to  be  an  invarLable  accompaQiment  of  glosi^  fikin  that  reaolled 
from  injury  to  a  Derve.  The  ippearAnce  of  the  skin  may  t>e  tiest  under^ituod  by  COBI- 
paripg  it  lo  a  cicatrized  wouud.  This  appearance  wa$  most  marked  bdow  the  knecL 
Both  upper  and  lawcr  Iiinh&  were  very  cold  and  rcry  gent^iLive  to  culd.  Thert  xeuj  w 
/jw  of  pifititr  mftr  the  kUddir  or  rtHum.  Appetite  and  digestion  were  good,  bat 
there  »jme  dyspncEa.  The  patient  also  slept  well  usually,  although  eofopeUcd  to 
Ue  cun&tAatly  on  ber  hat:k  unless  ^e  was  Luraad  over.  The  important  featue  of  the 
case  WAS  tbc  rcTnarkably  hcalthfal  pcrfomuuicc  of  most  -.f  the  vital  functions,  cod> 
jioined  with  absrolute  help1b^e>s.  As  the  little  molLuaof  her  fingers  was  not  iuffioeni 
to  diAble  her  to  graip  even  the  llgla^  object,  it  was  aeces&ary  for  the  nurse  to  feed 

*  Gunshot  WouadA,  and  other  Iniudes  of  Nerves.    [£64.   Pp^    Jf,  8a 
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nftOy  she  was  lifted  out  of  bed  ood  pl&oed  in  an  uivilid's  chair  that  couM  ht 
li>wcirel  mto  a  horizontftl  postian.  To  i^it  up  in  an  ordinary  chair  was  inipoisil)1& 
Wlcc  the  flexion  of  her  limbs  causcirl  untKarAble  pims  in  the  joints. 

Tht  l>ram  wss  usually  ctear«  tboiig;h  the  mcmury  tiad  been  MtuewhAl  impairedL 
The  patient  was  surprisingly  buoyant ;  but  sustained  mental  cxei tioti,  even  the  fOftd- 
ing  uf  a  short  p^rtigrnph,  was  followed  by  sensations  of  wcaruicsa. 

The  pAtienL  was  of  a  nervous  coti&litiitiun,  had  never  been  capable  of  great  eKeriioa 
ftod  fur  a  long  ttmc  before  the  attack  had  cotnplatned  af  niuDbDesi&^  tinf^hng,  aAd  olhtf 
premonitory  ^yniptoma. 

Etfctne  exaMtntitiffft  showed,  a.'i  was  expected,  abailutc  \o?s  af  elect ro^tntiscuJar 
CQtitrqctility,  m  lx>th  ibc  upi>flf  and  tower  limljiif  to  the  faradic  current,  A  strong 
galvanic  current  produced  feeble  contraction^^  in  the  extensors  and  fliexoni  uf  [he  fore- 
armi,  but  none  ivhatever  of  the  muscles  of  the  lower  limbs.  There  was  also  very 
great  anscstbc^n^  Analgesia  ejci^ted  in  the  lower  Umbs,  In  the  arms  forearm?;,  and 
fijigets,  there  was  rjcceiriiff  JiVpfTiesikesta  of  tht  icntf  of  torn h,  conjetif^  with  decidtd 
attiilgesia.  A  tolerably  strong  eurrent  localited  in  the  muscles  was  not  paiiTftil,  but 
the  iili^htrit  tuuch  on  the  surface  was  unp]«a»nt*  Two  important  features  of  the 
case  were  rtjtex  spasms  of  tht  musi^Us  of  ihi  itnucr  limbs  during  titctrUation^  and  a 
ftmiiar  settsaiion  through  the  -whoU  nftn^ms  ramificaiiaa  after  eiictrfzatian,  Tbc 
paiieiil  compared  it  to  "  waves  of  sensation  '*  rolling  up  and  down  the  limbs.*  Thii 
fcnsition  was  sometimes  felt  one  or  two  d^yi  after  the  application. 

Taking  into  conMderation  all  the  facts  af  the  L-asc— the  completeness  of  the  paraly^ 
the  loss  ()f  inu»n.dar  cQnlractility,  the  absence  of  pain  in  the  limb&  or  in  the  &pine,  tlie 
4bAence  of  any  morbid  symptom*  in  the  rectum  or  bladder,  or  of  a  feeling  of  coiiiiTictioM 
in  the  abdomen,  the  abscntc  of  spinal  tenderness,  or  af  a  »n^tion  of  pain  when  ice  or 
hot  water  were  applied  to  the  back^  and  the  various  and  peculiar  behavior  under  dec- 
triuLlion,  we  concluded  tha.t  tbc  ca^c  was  one  of  a  hysterical  character. 

The  treatment  consisted  chiefly  in  central  and  localized  electrization  three  times  a 
week.  Both  methods  were  u^  at  the  WJne  sitting.  At  fir^t  the  faradic  cunent  was 
osedp  but  without  making  any  tmpres^un  on  the  di&ea^  The  first  applicatiop  of  the 
galvanic  cunent  look  immediate  ciTect.  The  next  day  the  patient  could  raibe  both  of 
her  lower  tiinb^  six  indies  fruui  the  horizontal,  as  she  lay  In  her  chair.  The  improve- 
nent  was  permanent  and  progrehdve-  Another  singular  feature  wai  that,  in  ^pite  of 
her  we^Lkness  and  helples^inc^^  the  patient  coutd  and  did  htiai  with  benefit  protracted 
applications.  In  order  to  bring  the  whole  body  under  the  influence  of  tlie  current  at 
one  sitting  and  at  the  same  time  to  give  the  uccflful  attention  to  the  affected  muscle* 
UJd  grpupi  of  muscles,  tlic  sittings  were  sometimes  double  the  average  length. 

Improvement  in  the  upper  limbs  followed  improvetnent  in  the  lower.  The  exten* 
lors  and  flexors  uf  the  arm  and  forearm  sooa  be^an  to  reaume  tbeir  contractility  under 
the  fftradic  current. 

January,  1869,  the  patient  had  steadily  progresicd  from  day  to  day.  Although 
bolthful  contractions  were  not  obtained  io  the  muscles  below  the  knee,  even  und«r 
the  galvanic  current,  yet  the  fikin  had  a  less  glossy  appeaiance,  and  the  power  of  ma* 
tion  had  grefttly  incrcued. 

The  improvctnent  in  the  arms,  though  mt  first  slow,  wu  subsequently  more  rapid  m 

*  One  of  [he  authors  has  experienced  a  precisely  similar  sensation  through  the  braiQg 
4fiMl  cord,  Md  ^  the  ramt&ciitWDs  of  the  uerYes,  after  on  overdaike  of  hasJccth, 
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the  upper  than  \n  the  lower  limbs.    By  J  ait     bpth  the  flrmi  aad  forfarrn*  had  " 

ceptibly  ^laxged,  a^s  was  also  shown  by  measurement.  The  patient  coald  hacdk 
light  objects*  and  was  begmnmg,  b  an  awkward  way,  to  feed  ber^lf.  She  could  al 
in  neajrly  &  DACural  pQ^tiQO  ia  ber  chair,  and  when  well  supported  could  stand  for  at 
insUuit, 

Feb.  tt  1S691  the  treatment  wiu  abandoned,  because  the  patieot  secincd  for  tihi 
time  to  revnaia  stationary.  A I  that  time  she  had  mcrea:&ed  in  weight  to  the  extent,  ft 
ii  jusC  lo  cstmiater  of  tnenty-five  pounds,  although  the  patient  was  not  weighed-  Sbc 
Iras  able  to  read  short  parai^raphs,  and  took  her  book  or  paper  daily. 

On  account  of  the  weakoe^  of  the  perand  mi^clc^  of  the  right  leg,  the  foot  bad 
ftU  along  exhibited  a  tendency  to  turn  in.    Thi&  sympii>m  did  not  improve;. 

After  the  trealment  was  discontinued,  the  patient  stiU  progrcissed. 

When  last  seen,  August  1870,  &lie  had  gainHl  from  thirty  to  forty  pounds  ia  wdgbm 
had  nearly  fuU  use  of  her  arms  and  hands,  whkh  hiid  r^ained  tbcir  full  'ost,  and  imi 
nble  to  step  with  a^istance*  and  appeared  to  be  prevented  from  walking  aloaft  only  fay 
giddiness.    She  coidd  read  for  hours  at  a  time  without  cxctisye  fatigue. 

The  improvement  in  the  la^  few  months  bad  been  gre^LUy  aided  by  systanatic  mb* 
liof  and  movements  | 

In  the  above  extraordinary  case  ihe  record  was  never  complete,  but 
the  results  of  Irealmcnt  were  most  interesting  and  r^finorkable. 

Central  Paraiyus. — Cet^tral  paralyses  are  those  which  depend  OQ 
Kome  special  and  distinct  morbid  condition  of  the  brain,  spinal  cord,  or 
sympatlietic. 

Hemiplegia  and  paraplegia,  with  their  complicationsi  are  the  mo 
frequent  and  iniportant  manifestations  of  paralysis  of  central  origin. 

When  the  morbid  process  \^  in  the  central  ganglia^  the  reaction  nuy 
be  cither  normal,  or  increased  or  decreased. 

When  dizziness  is  excited  by  a  very  mild  galvanic  current,  there  is 
reason  to  suspect  some  morbid  proccsss  within  the  brain.  The  diitgnfr 
Bis  of  the  diseases  of  the  brain  with  which  hemiplegia  is  associated  vk 
much  aided  by  the  ophthalmoscope,  which  frequently  reveals  chaugcf 
in  the  optic  disk,  the  retina,  the  choroid,  and  the  blood-vessel 8.  Ctrt* 
bt  al  effusion  may  be  indicated  by  congestion  or  infiltration  of  the  optic 
disks  on  the  side  on  which  the  clot  exists ;  ttamrs  of  (he  brain  by  neu- 
ritis, neuro-retinitis,  and  ischaemia;  softening  occasionally  by  neuritis 
or  atrophy. 

Proptoui, — The  prognosis  of  hemiplegia  tinder  treatment  by  elec- 
tricity is  in  general  much  better  than  has  been  supposed.  ManifestlVi 
everything  depends  on  the  nature  and  seat  of  the  affection  as  well  ai 
on  the  age  and  constitution  of  the  patient 

The  prognosis  is  belter  in  proportion  as  the  symptoms  are  uncom- 
plicated ;  belter  in  the  young  aiul  middle-aged  (han  in  the  old.  Casei 
thai  are  so  thoroughly  cured  as  to  leave  no  marks  behind  are  exee^tion^ 
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Ute  imprffvement^  howfVtx  rapidly  it  may  progrtsi  at  firsts  usually  sfopi 
at  semt  point  short  of  o  ftrftct  cure.    The  raajoriiy  of  cases  can 
benefited,  sometiines  rapidly  benefited,  up  to  a  certain  point,  after  whU^^fl 
the  ijiiprovement  cannot  be  pushed  by  any  amoiint  of  treatnicnL    It  ii 
furthenttore  always  necessaiy  to  bear  in  mind  the  liability  to  othex 
attacks  ;  very  many  ca^s  are  improved  at  once  and  rapidly,  while  widfl 
others  the  progress  is  almost  imperceptibly  slow. 

In  psychicai  symptoms  (melancholia,  Itypodiondria,  etc.),  the  progna 
ftis  is  often  quite  favorable,  A  persistence  of  these  psychical  complica 
tions.  even  when  other  symptoms  appear  to  yield,  we  have  come  to^ 
regard  as  an  unfavorable  sign. 

In  antBsthesia^  when  uncomplicated  with  other  symptoms,  the  prog- 
nosis is  remarkably  good,  even  when  variously  complicated  with  paxaly-^^ 
sis  of  motion  or  disorder  of  the  cranial  nerves,  and  the  anesthesia  RiajjH 
yield,  even  though  its  associated  symptoms  are  not  affected. 

In  severe  disorders  of  speech  the  prognosis  is  not  very  favorable-^ 
They  are,  hovcver,  susceptible  of  treatment  j^k 

In  impnirmtnl  of  nutritim — the  nuiscular  atrophy  that  so  frequently 
accompanies  hemiplegia — the  prognosis,  especially  when  the  cases  have 
not  been  too  long  neglected,  is  oftentimes  exceedingly  favorable.  A/te|^| 
the  affected  lower  limbs  have  become  much  reduced,  they  may  by  peT*^ 
severitig  faradization  and  galvanbation  be  restored  to  their  normal  size* 

In  contractions  of  muscles  atid  convulsions,  the  prognosis  is  unfavi 
able. 

In  disorders  of  bladder  and  rectum,  the  prognosis  is  not  very  favorabl 

in  affections  of  the  joints  the  prognosis  is  not  very  favorable. 

In  cases  compHcaled  with  hysteria  or  hysterical  symptoms  the  p: 
nosts  is  better  than  in  cases  not  so  complicated.    In  very  strong  a 
vigorous  persons  of  coarse  organization  the  prognosis  is  generally  not 
good  as  in  the  nervous  organization. 

Other  conditions  being  the  same,  the  prognosis  is  much  better  for 
those  cases  where  the  arm  is  not  affected  ;  and  when  both  the  aim  and 
leg  are  affected,  the  leg  is  susceptible  of  the  earliest  and  greatest  im- 
provement. The  chief  difficulty  in  the  hand  is  usually  with  thc<yf/^«- 
t&rs  and  inter-ossti,  which,  being  very  long  and  weak  muscles,  and  act- 
ing as  they  do  at  the  worst  power  of  the  lever,  are  the  greatest  sufTcreri 
in  hemiplegia,  and  are  very  slow  to  resume  their  normal  functions. 

It  should  always  be  borne  in  mind  that  the  tendency  of  the  disease  3P| 
toward  recovery  up  to  a  certain  extent,  and  that  the  improvement  which 
takes  place  in  the  early  stages,  sometimes  very  rapidl/f  is  partly  due  to 
nature  and  time. 
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Ehetrteal  Treatment. — Diseases  of  the  brain  of  t)ie  different  ran^iio 
Are  to  be  treated  by  both  general  and  localized  faradisation  accorrjinj 
to  the  indications  of  each  case.  General  faradixadoa  is  freqneniijf  in- 
dicated in  hemiplegia  as  in  other  manifestations  of  disease  of  the  bnjn, 
on  account  0/  the  gentral  dtbiUiy  of  the  Juncti&ns  that  aampamn 
and  foiimvs  an  attack  dj  distast  of  the  brain.  It  impr&va  fhtgtiurd 
rwirition. 

Central  galvanization  with  a  very  mild  current  is  a  method  dtttat- 
ment  that  is  of  great  service  in  these  conditions.  The  special  fonnud 
locality  of  the  galvanization  will  depend  on  the  supposed  locality  of  tb* 
disease. 

It  is  well  to  use  central  jjalvanization  altertiately  with  gencnl  m 
localised  faradization. 

There  is  little  doubt  that  this  method  of  treatment,  whcti  oolotir- 
done,  acts  beneficially  on  the  nutrition  of  the  brain,  directly  by  the 
passage  of  the  current  through  the  bruin,  and  indirectly  throogh  ihtf 
modification  of  the  cerebral  circulation  by  the  irritation  of  the  symj*- 
thetic. 

Ii  must  be  confessed,  however,  that  the  exclusive  use  of  central  gil- 
vanization  in  cranial  disorder  is  far  from  being  satisfactoryt  and  forthwe 
four  reasons  :  First.  With  all  our  improved  means  of  diagnoiirj  ii  is 
iiiipossibk  to  lix  with  anything  more  than  approximate  cert^intT 
seat  or  even  the  nature  of  the  morbid  process  in  diseases  of  thcbnio* 
hence,  all  localisation  of  (he  galvanic  current  in  this  or  that  part  erf  the 
head  must  at  best  be  empirical  and  tentative.  Secendi}^.  It  ii  in*- 
possible  to  localize  the  galvanic  current  entirely  in  any  small  poriiDnof 
the  brain.  Thirdly,  Diseases  of  the  brain  are  usually  accompanid 
and  followed  by  general  feebleness  that  demands  constitutional  tr«t- 
ment.  And  fourthly^  the  paralj'sis  wilt  not  yield  to  merely  central  tre* 
ment  directed  to  thf  seat  of  the  disease,  but  must  be  treated  itself.  1" 
hemiplegia  also  ttie  spinal  cord  becomes  affected  through  disease  ;  hence 
the  theoretical  indication  for  galvanization  of  the  spine,  ox,  belief  ttift 
the  entire  method  of  central  galvanization. 

General  faradization,  thoroughly  used,  affects  all  parts  of  the  braif»  loJ 
the  sympathetic  at  each  application,  and  in  addition  powerfully 
beneficially  affects  the  entire  periphery.  The  improvement  which  ir 
acquired  by  the  extremities  and  by  all  the  superiicial  muscles  indl'? 
the  viscera  especially,  under  general  faradization^  we  believe,'''*^ 
favorably  on  the  brain  and  aids  the  reparative  prMss.  Our  best  rtrviti 
thus  Jar  have  been  obtained  by  the  e&mbj nation  of  heaiittd  farodis^^ 
of  the  par aiyttd  muscles^  general faradisaii&n^  and  ^entritl  galtwntaltlt 
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In  the  majority  jf  cases  of  hemiplegia  tl  e  muscles  are  not  so  badlj 
paralysed  that  they  will  not  readily  contract  during  ihe  process  of  general 
fkmdization.  Localized  faradization  with  careful  and  special  reference 
to  the  motor  points  is  therefore  not  necestary*  and  as  general  faradiza- 
tion acts  more  or  less  on  the  spinal  cord,  which  is  secondarily  afTected* 
and  on  the  whole  system,  which  in  lime  becomes  debilitated,  as  well  as 
ori  the  paralyzed  mnsclcs^  it  is  well  oftentimes  to  use  that  method  in 
connection  with  localized  faradisation  or  in  preference  to  it. 

In  regard  to  the  comparative  merits  of  central  galvanuationf  periph- 
eral and  general  faradization,  and  localized  galvanization  of  the  ncrve- 
cenb^s^  in  hemiplegia,  we  shoidd  say  decidedly  that  the  tatler  method — 
localized  galvanisation  of  the  brain,  sympathetic,  and  spinal  cord — is  the 
least  important.  By  itself  alone,  unaided  by  other  methods,  it  will  ac- 
complish but  a  little.  It  comes  in  very  well,  however,  to  supplement 
other  methods,  and  may  be  used  in  connection  with  them.  The  full 
method  of  central  galvanisation,  however,  by  acting  thoroughly  on  the 
whole  central  nervous  system,  accomplishes  much  in  hemiplegia,  and 
may  carry  on  the  improvement  after  peripheral  and  general  faraditation 
have  finished  their  work  and  lost  their  efficacy. 

Time  af  beginning  Treaiment, — In  regard  to  the  time  of  beginning 
treatment  after  an  attack  of  hemiplegia^  each  case  mwst  he  studied  by 
itself.  As  a  nile,  tt  is  better  to  wait  two  or  three  weeks,  until  the  active 
irritaliou  in  Ihe  brain  has  in  a  measure  subsided.  The  almost  univer- 
sally entertained  idea,  that  it  is  better  in  all  cases  to  wait  three,  four,  or 
six  months,  until  the  muscles  have  been  long  atrophied  and  contracted, 
and  the  shoulder-joint  become  perhaps  permanently  immovable,  before 
beginning  electrical  treatment,  is  one  of  the  most  serious  errors  of  electro- 
therapeutics. If  proper  caution  be  used,  it  is  never  necessary  to  injure 
the  patient  at  any  stage  of  the  disease.  Cases  that  are  taken  early  may 
be  treated  at  first  by  exclusively  localijced  faradi:£ation  ;  and  afterwards, 
when  that  has  accomplished  all  that  it  can  and  the  patient  ceases  to 
progrt-ss.  it  may  be  well  to  resort  to  general  faradization  and  central 
galvanisation.  Electrization  of  the  facial  muscles  on  the  affected  side 
sometimes  materially  aids  the  speech,  but  it  may  cause  unpleasant 
symptoms,  and  in  the  early  stages  especially  should  be  avoided.  MUd 
galvanization  may  sometimes  be  used  before  faradi^atiorj  of  the  muscles. 

Aceessories  to  EUctrical  Treatment  of  Paraljsi!. — The  treatment  of 
paralysis  of  all  kinds  by  electricity  may  be  greatly  aided  by  observing 
the  following  rules : 

I.  Thoroughly  soak  the  part  with  warm  water  before  beginning  treat 
me'tt.    When  tlii^  is  done  a  much  feebler  current  will  produce  contrac 
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dona  and  the  contractions  will  be  more  active,  and  some  muscles  will 
readily  contF.ict  which  otherwise  would  not  contract  at  all. 

The  skin  when  dry  is,  as  we  have  seen  (Electro- Physiology,  p.toS),  a 
poor  conductor,  and  in  proportion  as  it  becomes  ihoroughly  moistened 
in  that  proportion  does  its  conductivity  increase. 

2.  Relax  the  muscles  when  the  application  is  made-  The  advan- 
tage of  the  observance  of  this  rule  is  decided  (see  Electro-Physiologyt 

147)^ 

In  treating  paralysis  of  the  extensor  muscles  of  the  hand,  for  example* 
flex  the  hand  backward  a  little  and  then  relax  the  extensor  muscles.  In 
treating  paralysis  of  the  peronei  nmscles  of  the  legv  raise  the  foot  soa^  to 
relax  these  muscles  and  the  tibialis  anticus.  The  muscles  of  the  thigh 
are  most  relaxed  when  the  patient  is  sitting,  and  most  tense  when  the 
patient  stands.  In  treating  paralysis  of  the  face,  draw  back  the  muscles 
of  the  aJFected  side  toward  the  ear.  Dr.  C.  E.  Detmold  has  suggested 
the  use  of  a  blunt,  curved  wire.  This  wire  is  placed  in  the  corner  of 
the  mouth  and  the  other  end  is  attached  by  an  elastic  to  a  curved  wiie 
behind  the  ear.  This  contrivance  may  be  worn  not  only  during  treat* 
ment,  but  at  night,  if  it  be  not  too  disagreeable,  and  an  hour  or  so 
during  the  day. 

For  keeping  the  hand  raised  in  lead  paralysis.  Dr.  Geo.  Van  Bibber, 
of  Baltimore,  has  devised  a  contrivance  consisting  of  SajTe's  artifictal 
rubber  mu&cle  connected  by  eyelets  to  elastic  bands  attafhai  by  ad- 
hesive plaster  to  the  arm  above  the  elbow  at  one  extremiiy,  and  at  the 
other  extremity  to  the  hand  and  fingers. 

Dr,  Van  Bibber  has  utilised  the  same  principle  in  the  treatment  of 
ptosis.  In  order  to  hold  up  the  lid  he  a]^piies  a  narrow  bit  of  adhesive 
plaster  to  the  fort^head,  and  to  the  lid  itself. 

3.  Enlist  the  mental  co-operation  of  the  patient  in  the  treatment.  Let 
him  try  to  move  the  paralyced  muscks  at  the  ^'tfry  moment  thai  the  cur- 
rent is  applied.  Concentration  of  will  alone  is  sufficient  to  help  par 
alysis,  as  has  been  proved  by  actual  experiment, 

4.  Passive  movements  of  the  limb^  at  tlie  joints,  massage^  and  mftm> 
pulation  of  individual  muscles.  The  joints  should  be  rotated  so  as  to 
combat  the  tendency  to  stiffness  and  the  kneading  of  the  muscles  should 
be  carefully  and  thoroughly  performedj  massage  and  passive  movements 
are  usually  but  half  done. 

5.  Apply  dry  heat  to  the  affected  muscles  before  the  electricity  is  ap- 
plied, or  at  any  time  during  the  intervals.  This  can  be  done  in  various 
ways,  A  good  way  to  bring  a  paralysed  arm  or  leg  under  the  prolonged 
inBuence  of  dry  heat  is  to  take  a  common  sewer-pipe  as  sold  Id  the 
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fhop^  of  a  suitable  size  and  curvature,  heat  it  through  in  an  oven,  cover  it 
with  clotlis  and  let  the  Hmb  remain  in  it  uniil  the  heat  is  dissiiiate<1.  In 
this  way  not  only  the  forearm  and  leg,  but  the  whole  arm,  inchiciing  the 
shoulder-joint  and  the  thigh  with  joint,  can  be  daily  subjected  to  the  ef. 
feet  of  the  prolonged  heat.  This  treatment  not  only  temporarily  incrcaseg 
the  eleciro  muscular  contractility  of  the  paralyzed  muscles^  but  pertnl- 
nently  improves  the  nutrition  both  of  the  muscles  and  of  the  stiffened 
joitlts,  Dr.  Charles  h\  Taylor  allows  his  paralyzed  patients  to  warn 
their  paralyzed  limbs  in  a  hot  oven  arranged  for  that  purpose. 

All  the  above  suggestions  will  apply  to  the  treatment  of  every  form 
of  paralysis. 

^igAi  kemiplfgia  etming  &n  ^r^ually,  vfifA  num^ttw  and €&ldnas  in  right  Ug; 
tiight  ana:i'fktsia  of  right  handy  and  €0nsidtr&bU  nfKrsthesia  of  right  teg ;  samt 
dimiHiiti^H  0/  deftro  muicular  contractility  in  rigAf  ieg—  Gtutra/giaf  iruammot 
and  great  mentai  dtprtssimt — Tmport^int  imjirift'emertt  undfr  general faraditaii&n 
and peripkerol g&lvanimtionSubsequent  rfttewrd  a f tack* 

Case  LVIL  —  ftfm.  Mr.  G.^siged  53,  iat  manj-  years  United  States  Sctifttor, 
rcfctrcU  to  us  Uctoher  19,  1S6S,  by  Prof.  v\i!stiii  VWui,  During  thccxcitcmeiu  tiJ 
the  ImpcAclimeRt  TritJ  the  pmtient,  whose  consthtition  wnsaJways  suppo^ifrd  tu  be  of 
the  stronyest,  observed  a  feeling  of  coldness  of  the  right  leg  at  night.  This  coldnei^ 
hnwcvcr,  was  not  very  markcrl,  since"  his  attention  wag  fir<it  called  to  the  condition  bjr 
his  wife.  One  day,  while  in  Congre^  and  shortlly  after  the  delivery  arhis  apinion  on 
the  ImpeflchTDcnt^  he  CTcpciicnced  a  slight  attack  of  hemiplegia,  which  he  endeavored 
to  walk  oE 

Before  coming  to  New  York,  he  had  received  the  very  pemidous  advice  to  take 
Vigorous  ajid  severe  muE^cular  exercise.  Acting  Upon  this  unfortunale  suggestion,  he 
had  seriously  tnjiiied  lum^lf  at  the  exhftusting  l&bor  of  chopping  wood,  lie  grew  de- 
cidedly woTHit  and  became  exceedingly  depressed^  Under  the  advice  tnd  medication 
adminutered  hy  Irof.  MiiU  he  had  measurably  improved,  and  at  the  ticne  we  first  saw 
him  there  was  a  tendency  toward  recovery.  He  corapUincd,  however,  of  peru&'tent 
insomnia,  con!<id<:ral]|c  gastralgio,  with  indigeslLOO,  pain  In  the  lower  paxi  of  the  bade, 
and  very  great  menial  depression, 

£lgctric  Ejcaminatiffft, -^Slight  anixsthesia  of  right  huid  ;  considenibk  of  hgh[  Leg ; 
■otne  diminution  of  electro-muscular  contractility  in  the  muscles  above  the  knee  on  the 
rii^c  side  ;  go  dimmutton  of  electro-muscular  sen:$il)thty ;  the  voiittonal  power  of  the 
muscles  was  intact,  tmd  the  patient  could  wtlk  a  considerable  di^ance. 

The  case  demanded  a  general  tonic  as  well  as  merely  local  tre:ttment,  wiH  wr  accord- 
ingly nsed  general  faradization  daily^  or  every  other  day,  occasionally  making  it*e  of 
galvaniEalion.  It  was  not  long  before  improvement  was  manifest  in  all  the  leading 
symptoms.  He  soon  began  to  sleep  and  to  digest  better,  and  was  much  relieved  of 
the  pains  tn  the  tnck.  At  the  end  of  five  weeks  the  patient  abandoned  treatment,  and 
tc  far  improved  that  in  the  early  part  of  December  he  resnmcd  his  seat  in  Congres^ 
4itd  during  the  entire  winter  cantinucd  in  the  exercise  of  his  ofhdal  duties. 

While  under  treatment  by  electricity,  he  at  the  same  time  continued  the  use  of  bro* 
nude  of  potassium  and  other  internal  remedio^  with  ipecial  re'erence  Co  the  vunmch 
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Ill  lh<  s|»ring  fullowing  the  pattcnt  visited  Europe,  where  he  i^a*  engaged  to  plekd 
in  It  irftsc  al  law.  Tiic  cKcit<:kntf»t  brau^lit  on  a  new  aiuolv,  which  left  him  In  a  oMB- 
Oilion  o[  despondeacy,  froin  wUlch^  liowevec*  lie  i^lowly  railted.  He  iftcrWArdsdied 
of  aiiutber  di^eabc, 

Glosso-laryngeal  Paralysis  {Glossopharyngeal  Paralysis). — ^The  riiv 
f-inctive  features  of  this  affection  are  paralysis  of  the  muscles  of 
the  tongue,  lips,  soft  palate,  and  also  of  the  pharynx  and  l^ryiUL 
There  is  difficulty  both  in  speaking  (especially  in  proaouncing  certoua 
letters)  and  swallowing.  The  saliva  dribbles.  Food  Is  somecixues 
forced  into  the  nostrils  or  larynx.  In  the  last  stage  there  Is  debility  snd 
dithculty  of  respiration* 

Prognosis. — This  disease  is  believed  to  be  surely  fatal  in  a  few 
months.  Faradization  of  the  pharynitand  tongue  is^  however,  of  esseD- 
tial  service  in  occasionally  relieving  the  difficulty  in  deglutition,  and 
tiUo  sosiie  of  the  other  symptoms. 

CidJS^-^haryrtgeal paralysis  of  nine  m&nth^  standing^Great  di^eulty  im  s^aAimg 
antl  jutiilUfUfiitg — Temporary  and  ditided  imprffvemtnt  under  fAradivsiiim  ^md 

Casis  LVltl. — Mr.  K  ,  a^i:J4j|  a  shurt,  smbby,  plclb<inc  t tctinAn,  consulted  us 
May  »S,  1S67,  witli  mnirUsJ  au  l  typicaUvmntnm- "rKlns>,i*-t»!i4ryn^'cal  patalysis.  liii 
difiiculty  of  speech  was  very  fircat,  and  any  attempt  to  read  was  exceedingly  IudicrDl& 
His  especial  dif^lculCy  was  in  pronaunctng  certaui  vowels,  aj^  a,  u.  In  eating,  panicles 
of  fo^^cJ  were  tbrowo  up  in  the  upper  and  pojitcrior  pharyngeal  apace,  mnd  liqajtls  some- 
timrjs  were  exjjelJcd  throtigli  the  nostrils, 

The  patient  referretj  the  beginning  of  his  symptoms  to  a  very  severe  cold. 

Three  localized  faradizations  were  foLluwed  by  manifest  impravecncnt  in  mast  of  the 
symptoms,  and  especially  in  the  swallcivting. 

Mfty  29*  galvanualian  was  cammcricedf  and  was  conlintted  vrith  stUl  further  improTC' 
men!  both  m  speaking  and  swallowing, 

Of  the  Usue  of  the  ctkac  we  have  never  heard. 

f^ltfssii-pkaryttgmi paralyitt^wifk  JUmiplegta  tf  le/l  side  0/ ikm  ytarr*  stsndimg — 
CAroak  pharyngitis — Nv  impraifcm^t  under  a  rMffrt  course  of  ettctrhatsgm^ 
Ca3E  LiX.— Capl  Ueorg.^  H  .  a^cd  55,  cnnsuUcd  us  on  Oc:tober  15,  tSlSfi,  will* 
fymptomsnf  hemiplegia  and  glosw-^al^wil  paralysis.  Certain  letters*  ash,  p,  heeoult! 
not  articulate,  and  conver^tldn  was  a  mattt^r  i>r  con^Mderahlc  ilifht^uUy,  He  cOdld 
walk,  but  needed  ajiistance  in  aa:ending  stair*  or  crossing  streets. 

The  accompanying  symplom.5  were  in  e^ery  way  disco tiraijing,  TIjc  patient  «M 
pAftialty  insane.  Naturilly  land  and  genial,  be  had  become  exce:^ivfly  irritable  ud 
^.SHuklcrate  v  times  impatient  and  violent. 

l^fC^jW^a  on  I  j^enerat  faradiiation,  attempted  fur  a  ihort  titne,  proved  gf  no  firrrioe, 
(Ik  pAitcnt  was  not  encouraged  to  continue  treatment.    We  afterwarda  learned 
liktf  bv-  lympLonu  ^rradually  trecamc  woracp  ui  spite  of  various  hydropatliict  e<.]ualitihg« 
■ffV'^  Dielhiids  of  cure  that  he  altemplod,  aad  in  three  yean  he  died. 
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We  do  not  presume  to  say  that  the  case  that  immediately  folloit  s  was 
one  in  which  there  had  been  any  decided  atrophy  of  nerve  tissucj  and 
yet  all  the  symptoms  of  which  the  patient  complained  were  of  the  moal 
persistent  and  distressing  type,  and  seemed  to  point  unmistakably  tc 
structural  lesion.  If  there  was  no  deciiied  structural  change  present 
in  cbe  motor  roots  of  the  upper  portion  of  the  cord,  as  the  tnimediate 
effects  of  the  treatment  would  seem  to  indicate,  the  case  affords  an 
instructive  illustration  of  those  purely  funcllotial  conditions  that  occa- 
sionally simulate  with  svicli  exactness  incurable  diseases  of  organic 
origin. 

/?afiiJ  rKowry  of  a  iuppestd  £ast  6/  glasso-Iaryngeal pofo/ytis  0/  tkt'ff  ytars^  Jtattd- 
ifig  under  ga/vart/zattari  of  the  neck  and  upper  pjrtioti  of  t/ie  ct  rd. 

Cask  LX. — Mr  P..  a  g^ntlemjiin  aged  45.  wassc^Utous  by  Dr.  Jamc^  Anderson. 
Some  Ihrce  years  pvcvumsly  ihe  patient  had  first  observed  a  sli^jht  sense  of  •ilifftic'**in 
the  lon^e,  associated  with  a  [«liiig  of  coostriction  in  the  phurjux  and  larynx^  QcrA- 
fidnoUy  his  speech  became  tliick  and  hoarse ;  some  words  were  pronounced  t^adly.  and 
be  found  it  difficult  to  <;onUAct  the  lip&  At  such  time&  uartkl  aphonb  was  present,  and 
ivhcn  Iw  ftitcmptcd  to  converw,  the  efiTort  wa^altendct  with  a  degree  of  til-icomfori  ff 
not  ptun*  Yqt  several  months  these  syrnptoms  had  rcmaiiL&d  itationirvi  with  Uie 
addition  unfy  of  -some  Htlle  wt^kne^s  of  re-ipiration. 

FinAlIy,  however,  he  noticed  some  difficulty  in  the  a^t  of  deglutition,  which  in  the 
cour^  of  a  few  wwks  so  markedly  increased  as  to  threaten  ^ufTocatioii.  He  dreaded 
every  attempt  a-t  eating,  uid  fretjiiently  m  the  place  nf  hlfi  regTi1:Lr  meaJ  he  would  lake 
a  considerable  quantity  of  brandy,  the  stimulating  effects  of  which  would  often  tempo- 
mily  KCfln  to  restore  power  to  the  diseased  parts.  For  more  than  two  years  thti 
pfttieat  had  i^uffercd  in  this  way.  Although  be  had  lutKasingly  sought  rciifif,  every 
method  that  be  attempted  U)p^aUy  failed  lo  afford  Ibe  slighteid  service.  On  applying 
for  electrical  treatment,  we  at  once  submitted  bim  to  a  mild  sfeance  of  central  galvani- 
cation^  after  which  a  current  of  umewhat  greater  strength  wn.&  as  nearly  as  possihle 
locftlixed  in  the  upper  porticm  of  (he  cord  and  its  motor  roots.  This  accompHshed 
nothings  and  as  the  patient  gave  evidence  of  being  decidedly  unmsceptible  to  ordinary 
electrical  influences,  we  attempted  at  the  second  stance  to  localize  in  the  supposed 
scat  of  the  ili&ease  a  current  from  15  cells,  gradually  mcreastng  it  to  25  cells. 

Considerable  vertigo  with  Uight  E^pa-smtidic  cnntraLcllon  oftiie  laryiui  followed,  latt* 
Lng  several  minutes.  On  the  following  day  he  rejiortcd  that  ^e  ^vas  able  to  cat  with 
markedly  increased  comfort.  And  that  during  the  LcitervaLs  of  eating  he  fcU  comptetety 
recavcred.  Eight  similar  tpplicattons,  but  with  p^uaily  decreasing  ^rength  of  cur< 
rent,  were  followed  by  complete  recovery.  In  a  few  months  he  suflercd  a  &|iglit  rdapac 
Jrom  whicJi  he  ^tpeedily  recovered  by  a  ihort  course  of  Irealmcnt.  Two  years  hav* 
■lapsed  noce  the  Ireatmetit,  and  the  patient  continues  wdL 

Fkr^ytis  0/  ikt  muxits  ff  tk^  nttk  ami  thin  with  dysphagia — fsF<^  treattd. 

Cask  LXI. — Mr.  L.  ,  agert  60,  referred  to  us  by  Dr.  £.  R,  Pcaslee,  was  paralyxcil 
in  the  muscle*  supporting  the  heaiil  and  chin  ;  dysphagia  wa^  marked,  and  ieglutitiun 
was  so  Dioch  impaired  that  eaitng  wasatlendel  with  macb  difficulty. 
30 
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Our  dk^osis  was  central  lesian,  the  chief  expression  of  whi.,1i  wu  atruphy  <il 
the  tnotor  roots.  We  were  permitted  Iq  use  (hc  galvanic  ctirreat  but  ibout  thi«« 
tiroes 

No  benefit  was  derived,  but  ■  further  trial  might  have  alleviated  the  *ymptotn| 
somewhat, 

Para/jysis  of  Spinal  Origin — ParapUgia, — The  exact  diflTerential 
(Ilagno^U  of  the  various  morbid  conditions  of  the  spinal  cord  that  give 
rise  to  paraple^a  is  somethnes  a  matter  of  considerable  difficulty,  and 
for  these  two  reasons  : — 

t-  All  known  morbid  conditions  of  the  cord  have  more  or  less  &fmp- 
toms  in  common,  In  order  that  any  of  them  may  be  of  special  diag- 
nostic value,  it  is  r^ecessary  that  they  should  be  taken  in  connection 
with  other  symptoins. 

2.  Many  of  the  morbid  conditions  of  ihe  cord  are  complicated  with 
each  other,  and  the  symptoms  must  be  correspondingly  complex.  Thtif 
meningitis  may  exist  with  myelitis,  and  the  term  tnyelins  itself  is  a  genus 
of  which  there  are  several  species.  It  is  difficult  to  draw  the  line  where 
irritation  ends  and  congestion  begins,  and  equally  difficult  to  determine 
at  what  stage  a  condition  of  hyperemia  or  congestion  becomes  a  con- 
dition of  inflanimation, 

EkttrO'D  'sagmsis.^Yn  the  early  stages  of  spinal  paraplegia  the  gal- 
vanic and  faradic  reaction  may  be  normal,  but  in  the  course  of  a  few 
weeks  or  months  becomes  diminished.  In  most  of  the  cases  that  con- 
suh  the  physicfan  there  is  diminished  or  destroyed  electro-muscular  con- 
tractility. 

Electro  muscular  i^ensibiUty  is  usually  mort^  or  less  diminished.  Elet-- 
tro-muscular  contractility  is  usually  much  more  diminished  in  llie  severe 
forms  of  pataplcgfa  than  in  hemiplegia.  In  cases  where  the  posterior 
columns  are  affected  electro-atisesthesia  may  also  exist. 

Treatment — In  hemiplegia,  as  we  have  seen,  the  electrical  treatment  15 
substantially  the  same  whatever  the  nature  or  seat  of  the  cerebral  le^ioa- 
Similarly  in  paraplegia  the  treatment,  so  far  as  electricity  is  concerned,  » 
the  same,  whatever  be  the  nature  of  the  spinal  teuton  on  which  the  para- 
plegia depends.  Spinal  paraplegia  should  be  Ireaied  by  galvanisation  of 
the  spine»  and  peripheral  faradization  or  galvanization  ;  to  depend  on 
one  method  solely  is  unnecessary.  In  paraplegia  the  electro-muscular 
contractility  is  frequently  so  much  diminished  that  it  is  necessary  to  give 
particular  attention  to  the  motor  points  in  order  to  jjrodtice  contractioiiSr 
VVhetlter  general  faradization  and  central  galvanization  be  employed 
wdl  depend  on  the  general  condilinn  of  the  patient*  In  the  early  01 
subacute  stage  the  stances  should  be  short ;  in  the  chronic  stage  the 
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■dances  may  sometimes  be  more  protracted.  In  many  incurable  caaei 
the  general  tonic  effects  of  general  faradization  alone  are  of  very  great 
serv'ice. 

J^ff^Hosis. — Nearly  all  cases  of  spinal  paraplegia  can  be  benefited 
by  electrical  treatment,  but  very  few  can  be  entirely  or  permanently 
cured.  iWe  may  look  for  perfect  recovery  in  some  cases  that  are 
taken  early,  and  in  cases  that  depend  on  hysteria,  congestion  of  the  cord, 
or  exhaustion.  Cases  of  myelitis,  meningitis,  and  non^inflamniaiory 
softening  are,  as  a  rule,  but  little  benefited,  although  they  may  some* 
times  improve  quite  rapidly  under  electrical  treatment  up  to  a  certain 
point. 

In  c^ses  of  reflex  parai>legia,  however,  the  faradic  current  is  ex- 
ceedingly useful  in  preventing  the  ill  effects  of  re&t  on  the  paralyvicd 
muscles  and  materially  hastens  recovery. 

Penpiurai  Paralyus.—\  true  peripheral  paralysis  manifestly  excludes 
all  lesions  or  intluences  of  a  central  origin.  The  cause  must  be  sougijt 
for  in  some  portion  of  the  nerve-tract  after  it  has  emerged  frotn  the 
bones  that  enclose  the  nervous  centres. 

The  prineipal  causes  of  peripheral  paralysis  are  ; 

1 .  The  aclion  of  cold  on  (he  superficial  distribution  of  nerves, 

2.  External  injuries, 

3.  Pressure  on  the  nerve  from  morbid  grtru^i/ts^  tie,. 

4.  Destruction  of  a  nerve  hy  carious  bone,  etc, 

J^aeiai  Paralysis^ — The  most  prominent  form  ofperipheral  paralvsis  is 
that  of  the  seventh  pair  of  nerves.  The  symptoms  oi  facial  [Mralysis  vary 
not  only  as  its  cause  is  central  or  peripheral,  but  also  according  tu  the  por- 
tion of  the  nerve  affected.  Paralysis  of  the  seventh  pair  without  coinci- 
dent paralysis  of  an  arm  or  leg  seldom  results  from  cerebral  liemorrhagc. 
It  may  occur,  however,  but  it  may  be  readily  distinguished  from  the 
peripheral  form  of  the  affection,  Itt  eompleie  facia!  paralysis  of  peri- 
pheral  origin  the  orbicularis  palpebrarum  muscle  is  paralyzed,  and 
ike  eye  cannot  be  entirely  closed ;  while  if  the  cause  is  central  (hti  mus- 
cle is^  as  a  rule^  unaffected,  and  the  eyelids  can  be  brought  to}^ether. 
In  some  exceptional  cases  a  certain  lesion  may  paralyse  the  orbicularis 
muscle,  while  occasionally,  in  peripheral  facial  paralysis^  the  nerves 
that  supply  the  muscles  of  the  eye  may  escape,  thus  leaving  it  free  to 
close.  The  fact  that  in  facial  paralysis  of  central  origin  the  electro- 
muscular  contractiJily  is  unimpaired,  while  if  the  nerve  itself  is  the  seal 
of  the  injury  the  muscles  refuse  to  respond  to  the  faradic  current,  ma- 
terially  aids  us  in  diagnosis. 
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EUctro-Diagmsh. — In  facial  paralysis  of  a  peripheral  origio,  th» 
/iWiTi/tf-flrtfjfw/iir  contractility  is  usually  dimii-ished  or  lost;  g^han^ 
muscular  contractility  may  be  increased  or  normal ;  though  in  »omc 
cases  it  may  be  diniinished,  it  is  rarely  lost.  Fstcial  paralysis  is  one  of 
the  conditions  in  whicli  the  difference  between  the  two  currents,  in  ihcir 
power  of  producing  contractions  of  muscles,  is  typically  shown.  Th< 
galvatio-muscular  contractility  sometimes  becomes  so  much  increased 
that  when  the  farado-muscular  contractility  is  entirely  abolished,  iljc 
diseased  muscles  respond  to  a  much  feebler  galvanic  current  than  u 
necessary  to  produce  contraciions  on  the  healthy  side.  As  the  muscles 
resume  their  normal  condition  under  treatment,  the  galvaQo-ruuscokr 
contractility  diininisbes. 

I^ognosis. — The  prognosis  of  facial  paralysis  of  a  perii^eral  origin  h 
generally  very  favorable.  Few  forms  of  paralysis  yield  so  surely  as  this, 
provided  the  electrical  treatment  be  used  with  suflictent  persevcranc 

Treatment — facial  paralysis  should  be  treated  by  localised  faradi 
tion  and  galvanization.  When  the  muscles  fail  to  respond  to  the  fara>^ 
die  current  it  is  of  but  little  worth  to  use  it ;  it  is  far  better  to  depend 
on  the  galvanic  current.  In  tliis  dii^ease  the  currenl-revefser  electrode 
is  exceedingly  convenient.  A  current  just  sufficient  to  produce  con* 
traction  of  the  muscles  is  better  than  stronger  currents,  and  short  ap- 
plications are  preferable  to  long  ones. 

Fatial  paraiytis  from  txposure  to  t&ld~Laxs  of  evntraetility  h  faradk  atrreni — /av> 

prtrvmxent  utsdgr  the  gahfsnic  current. 

Case  LXIt. — Miw  P.,  a  stout,  vigorous youmg  lady  of  15,  was  sent  to  usby  Dr.  K 
Elliot,  to  be  treated  for  paffilysia  of  the  seventFi  pair,  on  the  left  side,  caused  by 
exposure  ta  a  draught  of  air  two  months  previous.  The  paralytic  sympCoTm  came 
on  suddenly  and  in  full  foi-ce  immediaitclji'  after  the  exposure,  &nd  at  first  &he  «xpetf* 
enced  considerable  diflicuUy  iq  speokin^^ 

Sl>e  gradually  becime  so  accustotne<l  to  the  abnormal  condition  of  her  ^pa  and  face 
that  sJie  wiLs  able  to  converse  aJmo^t  as  clearly  as  before  ;  but  the  improvement  in  th« 
condition  of  the  paralyied  muscles  was  very  slow,  and  a(  the  time  she  came  to  us  the 
itfTection  appeored  to  be  almost  stationary*  At  the  ifme  'ihe  received  the  &rst  app^ 
cation  ai  oar  hands  (Aug.  1,  she  presented  mort  of  t be  usual  ^noapCoaitof 

poralysis  of  the  seventh  pair. 

Her  mouth  was  drawn  over  towards  the  healthy  side  so  violently  as  to  produce  co4^ 
vidcrable  deformity  when  she  laughed  or  conversed,  and  even  when  she  smiled-  When 
ibe  attempted  to  frown,  the  left  brow  remained  is  smooth  as  that  of  a  child. 

Her  left  eye  rolled  up,  and  when  she  attenipted  to  close  H,  the  lids  would  aof  ap- 
proach tieiu-cr  than  one-quarter  of  an  inch  to  each  othar.  \  powa^lfa»dk  riirrcne, 
localized  in  the  aflectcd  muscles,  piadui;etl  very  feet^*  ~  Imperfect  contr^ctiuns ; 
while  on  the  fiound  bide  a  very  mild  currentp  appUed  the  hand,  produced  ac(iv« 
cimtra^iions  of  all  the  principal  muscles.  The  patient  wM  so  well  La  ab  other  lespect^ 
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that  wc  decided  10  use  ooly  puU^l  or  tocaiiz<ed  electTkaUoii  one  jJl  the  mu^s  oi 
the  left  side  of  the  face.  Two  vigorous  applications  made  in  Uii>  way,  one  electrode 
beuig  placet!  finrUy  in  front  of  the  eax,  and  the  other  pasaed  over  the  ramiticatiaos  of 
tlic  seventh  pair,  as  well  as  over  the  individual  mu^desi  did  pot  seem  to  incien^  ta  vny 
atifMtciable  extent  th<;  ekcCro -muscular  contractility,  and  occordiagly  we  resolved  io 
adopt  an  entirely  diflcrcnt  method  of  warfare. 

Th«  next  time  we  localued  ihe  gaJvaiiic  current  chrougU  th«  left  nde  of  the  face^ 
and  wilh  the  betfl  results.  ContraclLona  of  the  paralyzed  niiisclea  were  a.t  once  pro* 
diiced  that  were  as  vigoroas  and  as  natural  uCKo^  cuised  by  the  faradic  current  oa 
the  healthy  yde,  and  by  a  current  that  had  no  dFcct  on  the  healthy  side. 

The  patient  began  at  once  Io  improvet  and  after  ten  vi&its,  disldbuled  over  &  period 
of  ax  weeks,  abe  was dkixuss4^  as  approxim^ely  cured.    There  still  remained  soioe 
dcAcMOey  of  ACtlMI  C^f  Ihe  piusdcs  concemed  ixt  frowaiiig  and  in  winkings  but  the 
presAon  of  Utf  face,  both  in  repoi<  and  in  convcrsatton,  wa&  oorouL 

The  itYteresting  points  in  this  case  are  these  : — - 

First, —  riae  galvanic  curret^t  produced  contractions  and  wrought  A. 
cure  when  the  inducetl  or  faradic  uUerly  failed. 

Sfcotid. — The  paralyzed  tnnscies  were  at  first  bruught  to  contraction 
by  a  galvanic  current  that  had  no  fff^ct  whatmer  tfu  muscUs  of  the 
healthy  suU.  As  the  ]?atient  improved,  bowrcvt^r,  it  became  necessary 
to  use  a  stronger  galvanic  current  ia  order  to  produce  the  contractions. 
Towards  ihe  close  of  the  treatment,  the  muscles  of  the  paralyzed  aide 
begaa  to  resjjond  to  the  faradic  current. 

That  tiie  Taradic  current  may  sometiiues  work  well  ta  facial  paralysis 
is  shown  by  the  following  case  i — 

Part  mi  paralysU  of  tkt  right  sid*  df  the  fm££^  with  (^Htrattian  of  mus€les  following 
iMtralgia— Approximate  nvfftwy  undfr  tofaHtfi faradisK^im. 

Case  LXltl. — Mis^  J.,  aged  40,  came  Co  u9  in  the  early  part  of  September^  t86S^ 
to  be  treated  for  a  facial  paralysis  of  a  peculiar  character*  Her  face  wa*  drawn  ta 
:he  riylit  siiie^  so  that  her  features  were  very  louch  dUtorled.  We  at  first  supptMcJ, 
and  very  naturally,  that  the  case  waM  one  of  paralyaU  of  the  ^venth  pair  of  the  lift 
iftle.  but  a  more  careful  examinalinn  IM  us  tL*  modify  our  dbgnoiis. 

Her  history  wa&  as  fotlows :  Several  years  before,  while  occupied  in  a  day  and  night 
altcQdonce  at  the  bedside  of  a  skk.  fnead,  she  was  suddeoly  attadkcd  with  wvere  facial 
neural^  of  the  rigkt  .side,  that  coQtinued  to  annoy  her  fvr  two  mooLha.  The  disciuB 
then  abated,  but  that  tune  ihe  had.  been  frequently  hansscd  by  p*f«q***nt  nitrate 
ncjs  in  the  ri^kt  ana  and  hand. 

On  loc^mng  a  strong  fantdic  current  through  the  muscles  of  the  ttft  dde  of  thtt 
(ace,  powerful  contractions  were  exdied*  On  the  right  »de  no  such  eflcct  could  be 
produced. 

Furthermore  her  right  eye  was  nearly  closed*  owing  to  a  p«nial  plods,  and  white 
th«  could  easily  frown  and  corrugate  the  kft  brow,  the  right  was,  cntirdy  smooth  and 
apressio«lcs&  It  wa&  very  evidentp  both  from  the  history  of  the  caaeaiwl  £fO<n  symp* 
lonu  at  Ibe  lime,  that  the  right  side  was  psu-alyted,  cad  not  the  left,  *5  at  hrst  ap 
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pcored,  aiul  that  the  fact  was  iawn  towards  ihe  rigbt  by  the  contractions  cf  the  mm 
ths  fcll(ming  thi  paralysis* 

Trousseau  has  described  this  condition  so  accurately  that  we  quote  hi^own  lAogjii^gi 
^  it  appeaJ^  tii  the  ErAnsiatti^a  of  Bazairc* 

After  relating  the  symptoms  of  a  (taticnt  suffering  from  parilyas,  he  says;  "If 
left  fafidl  poraly^s  was  thought  of  at  Arst  si^ht,  the  iJepression  of  the  lower  ltd,  umI 
the  Ic^  m:irked  expansion  of  the  nostril  on  the  right  !>ide,  were  already  cut&cjcot  la 
cause  a  moditicAtion  of  the  dingiiosds,  Eut  when  the  patient  attempted  to  move  thai 
side  of  her  face  there  coutd  no  longer  be  any  hesitation,  and  it  became  mAnlfot  that 
it  waa  the  right  side  which  was  affected.  When  she  spoke,  and  itiU  more  when  ^ 
laughed,  her  fcice  was  pulled  with  force  to  the  left^  the  upper  lip  and  the  ala  qui  oq 
that  ade  going  obliqutriy  upwards,  and  the  labial  coniinissure  being  drawn  wilb  con- 
siderable energy  upwards  and  outwards.  When  slie  attempted  to  blow,  her  left  dwck 
swelled  and  her  mouth  remained  closed  on  that  side,  whilst  her  right  cheek  wai  flacdd 
and  her  mouth  opened  out  a  little  on  thai  side.  Benideii,  she  could  not  shut  ber  right 
e^  e,  however  much  she  tried. 

in  this  ca&e  we  used  only  the  faradic  curroit,  localizing  the  electricity  as  nearty  a* 
posable  along  ihe  cijuriic  of  the  ponio  dura  ami  i[&  ramiticatlonsL  To  atcomplLsii  tUa 
the  small  positive  electrode  was  preii^  hnnly  on  the  poiut  where  the  nerve  ciDcrga 
from  the  temporal  bone,  while  the  n^ative  was  moved  along  iu  various  terminal 
branches. 

No  particular  results  were  obtained  frooi  the  first  application,  but  duHng  the  second 
visit  tJight  contractions  were  produced  on  the  rigbt  side,  and  it  was  then  noticed  that 
the  eyelid  did  not  fall     low  as  berorc. 

In  the  course  of  a  few  days  the  patient  again  vi^ted  us,  when  the  improvement  WW 
quile  marked.  There  was  considerable  reluatioii  of  the  cobtractf^d  muscles,  and  the 
electro-muscular  conLraclility  was  readily  demon>it rated.  At  the  fourth  vi^t,  which 
occurred  about  two  uccks  from  the  commcticenicrLt  uf  treatment,  the  ptoses  was  baTilly 
ROticefihle,  and  the  power  of  corrugating  the  occipito-frontalis  oo  the  right  side  was 
perleci^  I'here  stili  remained,  however,  some  distortion  of  the  features,  owing  to  the 
'fbstiijate  nature  of  the  muscular  contraction^v  and,  although  iibe  fi^bsequmtly  leceived 
quite  a  utimber  of  applications,  the  contiaclion  was  not  so  entirely  dissipated  els  were 
lUl  the  other  symptorai, 

Fofial  fiara/ytts  ejeitttng  fhrte  weekt^fmmediaU  effettt  of  faradii^hrt. 
Case  LXl  V,— Mr.  C,         35.  a  patient  of  Dr.  Joseph  Wotster.  had  l>eeii  af- 
fllcte<l  for  three  weeks  with  paralysis  of  the  seventh  pair,  in  the  fight  side. 

The  patient  complainetl  of  a  pecuiiAr  lintjimgand  occasional  numbness  In  the  handi 
and  feet  that  we  regarded  as  an  indication  of  slight  ceniral  disturbance,  In  all  oxhei 
respects  his  health  was  eRCellent,  A  local  appIicaHon  of  the  faradic  cutfeni  resulted 
in  immediate  benefit,  and  two  more  seances  were  followed  by  approximate  recovery. 

Faraiysis  from  Pressure  and  CohL — Paralysis  sometimes  occurs  fi-otn 
pressure  oti  the  ntrves  of  the  arm  during  sleep,  and  most  frequenily  10 
persons  who  are  intoxicated. 

Paralysis  of  the  ami  may  also  aris^  rrom  titc  pressure  of  a  boaril  tit 
any  other  hard  object  under  ihe  arm.  It  miy  also  be  caused^  Ukc  IkcijJ 
*  Lectures  on  Clinical  Medicine,  Par'.  U.,  p,  3^2. 
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paralysis,  by  eitposurc  to  cold.  Paralysis  may  anse  also  from  the  pre* 
sure  of  the  foetus  in  parturition. 

All  these  forms  of  peripheral  paralysis  may  be  treated  by  electricity, 
preferably  by  the  galvanic  current,  and  wi^  curative  results,  unless  the 
nerve  be  too  severely  injured. 

i^alyxis  a/  muxriet  0/  right  thigh  ;  apfcrently  pr^duiid  hy  exp&ntrt  tc  cold—Am^ 
Mtikixia — ImprtmtmiHt  Mi$tder  galtfauiMOiiati—fiureaxt  in  jiita/  Uo^, 

Casi  LXV,— Miss  &gt^<l  nbout  20^  first  obserred  a  slig^hE  pain  &nd  soreness  in 
the  muscln  ut  the  ri^ht  thigh,  that  reodUy  yields  to  a  Tevv  application}  of  the  fftrakdic 
cuTTcnL  Five  munchs  subsequenlly^  after  several  hours'  enjio&ure  to  cold  and  wet, 
she  experienc»I  coFisiderable  paia  in  the  right  limb,  and  also  0.  markeil  degree  of  stiff- 
neSf  that  disappeared  tempotanty  after  walking  a  few  times  around  the  ruotn. 

In  a  few  days  the  pain  extended  to  the  hip  and  involved  the  whole  Limb,  which  sooo 
became  completely  paralyied,  and  for  two  week*  she  suffered  excessive  pain  both  dmj 
and  nighty  Three  niontha  laiter,  when  U  was  decided  lhat  the  patient  should  be 
Ir'^ated  by  electricity,  she  was  able  lo  nsove  about  the  houw  with  the  aid  of  crutches, 
although  the  limb  remaineJ  almost  pNirfectly  powerless. 

The  amcslhe^ia  over  the  qumlriceps  muscle  was  very  decided,  the  Ksthesiometar 
producing  two  ImpressioiLs  only  when  its  points  were  separateJ  four  inches^  and  ibc 
electro-muiicular  contractility  yema  enilrcly  absent  in  all  the  external  or  surface  musdet 
gf  the  thigh  and  in  a.  portioaof  tUe  1^.  The  thigh  had  atrophied  to  the  extent  of 
AO  indi  and  onc-holL 

Ten  AppUcatiotts  ofilie  furadic  current  entirely  dissipated  the  onxsLhebia,  so  that  it 
WHS  necessary  to  separate  the  asthcsiomctcr  but  tUree-quartenk  of  an  inch  in  order 
thai  two  impressions  might  be  received. 

The  ume  current  partially  restored  also  \X\c  electric  contracltltty  of  the  diseased 
iDUSctes;  but  it  was  not  until  ^  gaivamt  £umm  of  considerable  intetifiity  was  etn- 
ployed  a  number  of  timcii^  that  they  responded  healthfully  to  its  influence. 

The  faradic  cnrrent  was  again  rciiorted  to  {ind  per>ii»lently  used  for  several  months. 

The  limb  gradually  increa^  in  strcnyjth*  &o  that  sJie  was  able  to  walk  readily  with 
the  aid  of  a  cane.  It  increased  also  in  5i2e,  so  that  around  the  thigh  It  measured  bul 
one-quarter  of  an  inch  less  tluui  the  wund  limb.  Time  alone  can  tell  whetlier  she 
will  ultimatdy  regain  complete  control  over  the  dij^eased  member. 

Compute  partfiysu  0/  the  fierprr  and  fxUnsors  of  iht  tvrijt  and  fingtrg^  cauied  by 
pressurt —  Cttnd  by  thret  hcai  a/f/>i$£<Uiatu  of  the  faradk  curretU^ 

Case  LX  VI. — Mrs.  P,,  aged  30,  was  suliering  from  complete  paralysis  of  the  <%- 
teniiors  and  Aexors  of  the  wrUt  and  the  right  arm.  Eight  weeks  before  she  had  held 
htt  tittle  child  in  h^r  arms  all  of  the  day*  The  right  aLrm  was  of  course tised  the  most. . 
In  the  evening  she  fell  d:dcep  la  a  rocking-chair,  with  nearly  the  whole  weight  of  the 
tihild  resting  on  the  righi  arm.  In  the  course  of  an  hour  she  awoke,  to  And  the  wri^ 
aa«l  fingers  paraiy^ed.  No  iniprovemeat  had  been  majuiest  in  the  coadition  of  the 
parts  up  to  the  time  we  saw  her. 

The  tissues  below  the  wrist  were  decidedly  ani^thetic»  but  elcctro-muscular  con- 
tractility was  little  impaiired.    Three  local  appLicatioos  of  the  farndic  current  aloa^  im 
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tho  course  of  five  days  dbsipated  ihe  numbness^  wd  a>  Uapraved  tlie  moabvi  tEm 
ihe  eould  wiih  cue  move  the  ficigcrs  and  wrist  in  every  tutiinl  tUrectiaCL  The » 
covoy  became  complete  la  a  week  or  w  vntbout  rurtber  CmtmeaL 

CaUrijiiT  J'arafysh,  ^Und<^  this  head  Benedtkl  records  a  of 
paralysLi  caused  by  the  contact  of  glowing  hoi  iron  with  the  skin,  it  i 
point  laear  the  radial  nerve.  The  nerve  was  not  directly  irfjured,  but 
paralysis  wiih  an^^thesia  ensued.  The  [jatieat  recovered  after  a  huid- 
ber  of  sittings.    Both  galvanic  and  faradic  currents  were  eraployed* 

J^e/f^x  Paralysis^ — Under  this  head  are  included  those  periphcnl 
paralyses  which  arisi^  by  retlex  action  through  the  central  nervous  s)'^ 
tenit  from  some  remote  part  of  the  body.  Some  of  the  ca&es  of  gcaer^ 
paralysis  of  all  tlie  extrcmines  are  of  this  nature^ 

Paraiyscs  that  arises  by  reflex  action  may  rein^n  long  aftef  the  our- 
bid  condition  that  caused  it  has  entirely  disappeared. 

7>r^/;/jf/r/.— Localized  faradization  or  galvanization  Is  required  n 
this  form  of  paralysis-  This  treatment  should  be  directed  not  onl^  to 
the  paralysed  muscles^  but  abo  in  some  cases  to  the  diseased  pari  &0111 
which  the  paralysis  is  reflected,  In  doubtful  cases^  general  faradif&UOQ 
ftnd  central  galvanisation  may  be  tried. 

Pi'ffgnDsis. — Thig  is  much  more  favorable  than  in  paralysis  that 
rectly  proceeds  from  organic  disease.  Everything  depends  on  the 
cure  and  locality  of  the  irritation. 

Ty^ial  easi  af  tompliU  refiex  paralysit  a/  tht  stpenth  pair  on  the  rig^  udf  '/'^ 
y«ff,  foUiming  sevrr<  fmirolgia  0/  thi  ffth  pair  «i  tAt  same  n'de. 

CfVSE  LX  VII. — Tht  patient,  a  lad  v  ageJ  ^o,  s-omc  weeks  previously,  had  apentt^ 
in  (he  fifih  pair,  an  attack  of  %harp  shootiii|j[  puinsor  f^r  mnrc  than  c^rilinufy  ttveni J- 
wa£  followetl  in  the  course  of  twelve  hours  by  symptoms  of  laciii  panly^ 
gradually  increased  until  ihe  loss  of  power  was  almo^  complete. 

The  mu^iclcK  responded  to  tlie  in^uencc  of  fajadization,  bul  there  w^a  • 
decrease  of  the  declro-muscular  i^ntracLHUy    Three  applications  of  the 
roit  to  tlie  aflected  ^e  completely  re^turcd  tbe  contractile  power     tbe  ttMiigd^  ^ 
ChRe  dniUar  ftppUcationsr  removed  the  paraiysiL 


RtJUx  paralysis  af  th*  Uft  army  appar^emtfy  /rvm  neuralgia  0/  jkart 

Ca3X  LXVIII. — Mrs.  W.,  A(jed  3r,  consulted  us  Fehnmry  1,  1867.  She  «$^' 
fierin^  from  general  neuralgia,  wliich  was  especially  locjlued  in  the  left  Arm. 
(ire.  digestion,  and  sleep  were  all  poor, 

T&efe       paralyiis  neurly  complete  of  ihe  left  arm.  We  began  treatmeM 
crAl  mid  localised  faradizalion.   In  one  week,  after  three  aictiiigs,  Uie  |*r»ly»i»ilWP 

•  Op.  dt.,  p. 
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ptmfu\,  Tkcstmeot  fay  fienend  farartlntion  wu  mbteqneatly  continncd,  Ibr  ths  p«* 
poM  of  railing  the  tone  of  the  qrstem. 

HmJUx  parafytis  0/ five  montJk/  standing — Afp'oximaie  reeovtry  under JifUen  ^ffU 
eatians  o/tMi/aradic  enrrent. 

Cask  LXIX. — Ml**  ,  aged  about  30,  an  inmate  of  the  N.  Y.  State  Woman*i 

lloipital,  was  afflicted  with  uteriike  dkpUcement,  and  finally  was  prostrated  by  a  se* 
vere  atUck  of  cellulitis. 

Daring  and  after  recovery  from  thin  iUnM  the  patient  oompUuned  of 
and  tinglii^  in  both  feet,  together  with  a  decided  loai  of  motor  power.    These  symp- 
toms were  persistent,  and  for  five  months  the  patient  was  able  to  walk  bat  verj  dwrt 
distances  and  only  with  great  difficulty. 

On  examination  with  the  faradic  current  it  was  found  that  the  dectro*nmscular  eaa> 
troetility  was  somewhat  impaired.  Faradiaatloa  of  the  tower  portion  of  the  back,  the 
lotes  and  the  legs  was  employed,  with  the  obserred  effect  of  at  once  increasing  the  coo- 
Ivactility  of  the  muscles. 

Twelve  applications  so  improved  her  cociitioa  that  die  lecceeded  in  walldng  twi 
■its  without  suffering  eatraorriinary  fiuigne. 


CHAPTER  XXI. 


lACOKOTOR  ATAXIA — FOSTERiOR  SPINAL  Sd^ROSR. 

Ik  regard  to  posterior  spiral  sclero&is  we  hare  these  remarks  I; 
offer: 

T,  The  great  exciting  causes  of  the  disea.se  are  exposure  to  wet  and 
cold,  niech«tmca]  injury,  stud  syphilis.  It  ts  a  fact  Dot  thoroughly  ap 
preciated  by  the  profession  or  by  the  people,  that  it  is  as  possible  tc 
take  cold  in  the  cord  as  in  the  lungs.  Cold  in  the  cord  manifests  itself 
just  as  cold  anywhere  else  manifests  itself, — that  is,  by  coDgestioD  ;  and 
if  the  colds  are  repeated^  the  congestion  becomes  a  hxed  condition 
that  is  not  easily  resolvedi  and  in  time  may  go  on  to  the  condition 
known  as  posterior  spinal  sclerosis,  or  locomotor  ataxia. 

The  connection  between  this  structural  lesion  of  the  cord  and  expo- 
sure to  wet  and  cold  is  not  always  directly  apparent,  is  but  rarely  sus- 
pected by  the  patient,  and  almost  never  inquired  into  by  the  physician, 
portly  because  of  its  remoteness,  and  partly  because  the  professional 
mindf  at  least,  has  been  diverted  in  the  direction  of  sexual  excess  ai 
the  one  great  cause  of  ataxia. 

The  mechanical  Injuries  that  most  frequently  give  rise  to  sclerosis  of 
the  cord  are  severe  blows  and  falls,  or  the  shock  of  accidents  of  almost 
any  kind*  It  is  not  necessary  that  the  injury,  whatever  it  may  be, 
should  be  received  on  the  spine  or  head,  in  order  to  cause  symptoms 
of  ataxia.  A  violent  concussion  from  any  injury  that  is  directly  felt  on 
ih^  arniA  or  legs  may  have  the  sanie  effect  as  a  direct  injury  to  the 
back, 

a.  The  cord  is  predisposed  to  take  cold  by  any  causes  that  tend  to 
exhaust  it.  Among  the  more  prominent  of  these  causes  are  long 
mardiing  or  violent  and  wearying  muscular  exertion  of  any  kind,  espe- 
cially of  the  sort  that  draws  heavily  on  the  lower  part  of  the  cord,  ex- 
Ce&»ive  intellectual  exertion,  and  sexual  exceaseSv  The  two  latter  pre- 
disposing  causes,  excessive  intellectual  exertion  and  sexual  excesses, 
operate  far  less  frequently  than  the  purely  physical  causes. 

J.  In  regard  to  the  supposed  mfiuence  of  sexual  excesses  on  thii 
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diseasef  the  profession  must  revise  its  opinion.  That  sexual  excesses 
constitute  an  important  factor  in  the  causation  of  nervous  diseases 
must  be  admitted,  but  it  is  not  structural  so  much  as  functional  disecLses 
that  they  excite. 

One  plausible  reason  for  suspecting  that  sexual  excess  is  the  caus^ 
of  ataxia  is  found  in  the  unnatiiral  sexual  desire  that  so  of^en  precedei 
the  ataxic  symptoms.  The  increase  of  desire  naturally  calls  the  atten- 
tion of  the  patient  to  the  sexual  organs,  and  almost  compels  a  certain 
amount  of  abuse;  and  when  questioned  concerning  his  habi'5,  it  is  no 
marvel  that  he  recalls  and  confesses  his  recent  experience  in  this  re- 
spect. Now»  this  increase  of  sexual  desire  is  often,  if  not  always,  the 
^€Ci  of  spinal  congestion,  by  which  the  cord  is  rendered  excessively 
active  ;  it  is  a  sign,  not  of  health,  but  of  disease.  It  is  not,  however, 
nor  is  the  abuse  wliich  it  invites,  the  cause  of  the  degeneration  of  the 
cord  into  which  congestion  leads. 

The  most,  then»  that  can  be  said  of  sexual  abuse  in  its  relation  to 
ataxia,  is  that,  by  weakening  the  cord,  it  may  in  certain  temper-amenta 
prepare  the  way  for  colds,  mechanical  injuries,  or  perhaps  for  sv^ihilis^ 
to  enter  in  and  take  possession. 

4.  It  is  more  frequent,  so  far  as  we  can  learn,  in  the  North  t^*an  in 
the  South  ;  cold,  damp  climates  favor  its  development.  In  the  early 
stages,  long  residence  in  tropical  or  subtropical  regions  is  wort/*'*  of 
trial. 

5,  It  is  very  often  comph'cated  with  congestion  and  sclerosis  of  the 
anterior  columii.  The  neuralgic  pains,  of  which  so  much  is  said,  do 
not  appear  tn  much  more  than  half  the  cases*  We  are  not  yet  able  to 
lay  whether  they  are  a  good  or  a  bad  symptom.  One  thing  is  sure 
the  worst  and  most  obstinate  cases  we  have  yet  seen  had  no  neuralgic 
pains.  Another  point  equally  true  is,  all  the  characteristic  neuralgic 
pains  may  exist  in  those  who  never  have  ataxia. 

Mhcirff-Diagn&sis^ — The  electro-muscular  contractility,  or  at  least  ir- 
riiabiiify^  may  be  normal  or  inerfastd.  This  fact  distinguishes  hcomo- 
tor  ataxia  from  ordinary  paralysis  of  motion  depending  on  anterior  or 
spinal  s^/erosis,  in  which  the  electro-muscular  contractility  is  usually 
diminished.  The  electro-muscular  contractility  may,  however,  be  di. 
minished  in  certain  forms  and  stages  of  posterior  spinal  sclerosis,  01 
when  complicated,  as  it  may  be,  with  anterior  spinal  sclerosis  or  with 
hysteria  or  general  congestion  of  the  cord»  or  of  the  membranes. 

Prctgnosis. — The  prognosis  of  this  disease  under  electrical  treatment 
alone,  or  iti  combination  with  dmgs^  may  be  thus  generally  stated  :  A 
very  small  proportion  of  cases  apparently  recover ;  a  considerable 
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number  are  very  greatly  benefited  in  all  the  leading  symptoms  ;  aboul 
the  same  number  are  but  slightly  benefited  ;  an<|  in  a  few  cases  obso- 
Uitety  nothing  is  accomj>lished. 

The  proportion  of  absolute  cures  is  so  smalt  that  there  is  a  natnn] 
temptation  to  doubt  the  diagnosis  ot  pathology  of  any  reported  ctuc. 
The  cases  that  are  broiight  on  by  mechanical  injury,  especially  by  con- 
cussion, offer  the  best  prognosis ;  and  this  is  true,  we  believe,  of  other 
nervous  disorders.  The  explanation  would  appear  to  be  that  the  difr 
ease  excited  by  concussion  is  of  a  temporary,  and  comparatively  tnto- 
sient,  character,  and  the  character  of  the  lesion  is  far  less  severe  than 
in  those  cases  that  come  on  slowly,  through  long  years  of  incubation. 
In  oyr  observation  the  most  satisfactory  improvement  has  been  In 
those  cases  of  ataxia  that  were  brought  on  by  concussion.  This  is  also 
true  of  paralysis  in  general,  excepting,  of  course,  those  cases  where  the 
spinal  cord  is  directly  and  seriously  injured. 

Most  of  the  published  statements  in  regard  to  the  prognosis  of  the 
disease  under  electricity,  as  indeed  under  any  other  form  of  treatment, 
must  be  received  with  great  caution.  Many  of  the  physicians  who  re- 
port the  cases  have  perhaps  nev<;r  before  seen  a  case  where  they  made 
the  diagnosis  of  ataxia,  and  in  the  instance  that  they  publish  there  is 
much  probabihty  of  deception  ;  and  this  probability  is  increased  if  the 
patient  perfectly  and  permanently  recovers.  Hysteria  conies  in  to 
complicate  (he  diagnosis,  and  some  of  the  reported  cures  have  been, 
without  doubt,  of  an  hysterical  character.  Spinal  congestion  is  vcr> 
often  mistaken  for  spinal  sclerosis  ;  the  syrnptoms  run  into  each  other, 
and  the  former  in  some  cases  leads  to  the  latter.  But  spinal  conges- 
tion is  relievable  and  curable,  while  spinal  sclerosis  is  rarely  so.  Some 
of  the  supposed  cures  have  been  very  Ukely  simply  remissions  in  the 
course  of  the  disease. 

Trca/menf.—\t^xla.  may  be  treated  electrically  by  a  combination  df 
several  different  methods  of  electrical  application  :  Galvanization  of 
the  spine,  central  galvaniiation,  and  general  faradization  when  cere- 
bral disturbance  or  general  atajda  of  the  nervous  system  appear; 
galvanization  of  the  cervical  sympathetic,  and  peripheral  faradisation 
with  sponges  and  the  metallic  brush.  All  these  various  applications 
may  be  made  with  weak  or  strong  or  medium  currents,  according  to 
the  wants  of  each  case. 

We  have  found  good  results  from  simply  treating  the  leading  symp* 
torn,— the  anaesthesia, — without  any  special  reference  to  the  cord.  We 
do  this  by  means  of  the  metallic  brush,  or  by  a  finely  pointed  metallic 
electrode,  making  the  application  over  the  feet,  legs,  arms,  and  all  pam 
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of  ihe  body  that  are  anjEsthetic.  The  end  justifies  the  means.  W*^ 
have  found  more  goo<],  in  some  cases,  from  this  method  than  from  gal- 
vanizatioQ  of  the  spine  and  all  the  other  methods  combined.  When 
the  anresthesia  is  profound  and  permanent^  currents  of  great  strength 
are  sometimes  not  only  not  disagreeable,  but  positively  agreeable. 

In  recommending  th($  method  we  do  not  recommend  exclusive  reliance 
upon  it ;  it  is  to  be  used  in  alternation  with  the  other  methods  of 
which  we  have  spoken,  ll  should  not  be  forgotten  that  the  reflex  ef- 
fect of  powerful  peripheral  faradization  on  the  cord  may  be  of  greater 
service  than  galvanization  of  the  apine* 

Potttrior  spinal  scltroHs —  Coftcussitm  iff  the  tpitte  t&mptU&Ud  with  aitofks  of  aj^ka^ 
si^  and  tuerfiing — -Very  unusual  im^rffvtmcmt  untt^r  galimHizaiion  of  the  spine  and 
nitraff  of  jiiver. 

Case  LXX. — Dr.  N.,  a rn«Ucal  gentleman,  over  7o;irearsof  age*  wu  brought  tons 
November  9,  1872,  by  Dr.  Corey-  About  six  monlbs  before,  the  doctor  undertook  lo 
get  on  n  street -car,  but,  ibe  irot^  support  being  Loose,  he  slipped  and  felt  on  his  hip  utd 
leg,  and  fur  thi*  he  wm  treated  surgicaJiy,  He  wrs  laid  up  with  the  injury  to  (he  leg 
Mod  htp  for  wme  weekiv  Ceriaia  ticrvou&symptomsaLsci  began  tD  appear  arter  a  Tew 
weeks,  but  tliey  were  not  referred  to  any  injury  oF  the  cord,  and  spinal  sclerofis  wu, 
very  nntUfaUy,  not  suspecCcr.1.  Dr.  Corey  had  made  the  diagnosis  of  d^cncration  of 
ibe  c^rd  l>erfi]re  brining  hira  to  ns:,  and  this  diagnosis  corresponded  with  our  ow^n. 
Tht  patient  had  a  !tttfr.i/id  tmcertaini  gatt^  and  cotitd  not  turn  rounti  qtiickly  without 
(allini;^  nor  slaiid  slill  when  his  eyes  were  clased.  A  strange  complication  CKcm- 
uonal  aj licks  of  utter  Inability  to  speak,  Accompanied  wiUi  siiffuiic^n  of  the  fa«  and 
sheddiing  of  tears.  These  came  on  under  any  &pegi;i1  e^citeinent,  zmi  lasted  from  one 
to  five  mimile-^ 

The  aniEslbesia  and  analgeita  of  the  lower  limbs  were  profouiid,  and  elcctro-aen- 
ribility  was  but  s^bght ;  bat  there  was  no  loss  of  eieeEfo-cnuacular  coiuractilityt  and  no 
motor  disturbance  whatever.  There  was  also  a  deficiency  of  the  sense  of  pressure, 
as  itidicflitetl  by  the  pieimfUT*.  At  ni[^hl  there  was  great  pain  in  the  l»ack»  with  a  Mn- 
ntioti  of  numbness  lliat  often  compelled  him  to  rise  and  walk  the  room, 

A%  tlie  pntLcnt  was  entirely  well  at  the  lime  of  the  Accident,  and  as  the  tympLomt 
of  sclerosis  followp.!  or  at  least  begaa  la  appear  a  few  weeks  after  the  acuident,  and 
a.s  there  was  no  evidence  of  expose  of  any  kind,  it  was  clearly  a  case  of  traumatic 
atavtsu 

Tlic  case  was  5ut>5equently  brou^t  into  eourt»  in  order  Co  collect  damages  of  the 
railroad  company,  and  was  decided  in  favor  of  the  patient.  Being  called  upon  to  tes- 
lify,  we  gave  it  as  our  opinion  that  the  disease  from  which  the  old  getiilcman  suffered 
was  of  so  grave  a  character  Uial  be  would  never  recover,  hut  would  be  a  great  sufferer 
until  he  died. 

We  subseqiieni  y  rreated  the  above  patient  by  mild  galvaniialion  of 
the  »t>ine,  and  nitrate  of  silver,  and  in  the  cour^  of  a  month  he  began 
to  iiiiprove,  anti,  what  is  more  reniarkablcj  the  improvement  continued 
He  did  not  fully  recover,  but  was  able  to  resume  active  labors. 
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PROGRESSIVE  MUSCULAR  ATKOPHV. 

EUctr&'Diagnosis, — In  cases  of  progressive  niuscular  atrophy  the 
eleclromuscular  contractility  is  either  diminished  or  destroyed.  Elec- 
tro-muscular sensibility  is  usually  diminished.  Various  changes  in 
muscular  irritability  may  take  place  during  th*?  progress  of  the  disease. 

Rfflex  confraeiwns  occur  in  muscular  atrophy,  DipUgu  contrtutwtu 
also  appear  in  this  disease.  These  facts,  taken  in  connection  with  the 
history  of  the  case,  the  atrophy,  the  fibrillary  contractions,  swellings, 
and  anchylosis  in  tlie  bones  and  joints,  the  anicsthesia  and  the  neural- 
gia, make  up  the  diagnosis,  Diplegic  contractions  were  first  observed 
in  muscular  atrophy  by  Remak ;  they  have  since  been  observed  in  hys- 
teria and  other  irritable  conditions. 

The  disease  does  t>ot  always  exist  alone ;  it  may  be  complicated  with 
locomotor  ataxia,  with  paralysis  of  the  cranial  nerves  and  other  disorden 
of  the  brain. 

Prognosis  and  Trtatmeni. — Our  belter  and  increasing  knowledge  of 
the  possibilities  of  electro  therapeutics  fortunately  enables  us  to  modify 
to  some  extent  tlie  prognosis  in  this  disease.  That  the  prognosis  is 
grave  cannot  be  denied,  but  by  persistently  folloftring  out  the  treatment 
that  of  late  years  has  proved  so  successful,  we  confidently  assert  that 
not  only  may  the  disease  be  arrested  far  more  frequently  than  in  the 
past]  but  that  in  not  a  few  instances  the  nutrition  may  be  so  fftr  im- 
proved as  to  amount  to  ajiproximate  recovery. 

In  no  other  forms  of  disease  does  it  seem  to  us  so  important  that  es^ 
pecial  emphasis  should  be  laid  on  the  electrical  treatment  as  in  tho^e 
of  the  so-called  progressive  character  In  many  of  the  phases  of  p** 
ralysis,  in  the  neuralgias  and  in  most  forms  of  local  and  constitutional 
disturbance  where  the  indications  call  for  electricity,  other  remedies 
as  well  have  their  uses,  and  in  many  instances  are  even  of  gre&tei 
•crvice. 

When  we  advance^  however,  to  the  consideration  of  those  ominously 
progressive  disorders^  ataxia  and  muscular  atrophy,  we  recognize  the 
fact  that,  with  the  exception  of  those  cases  which  depend  on  a  syphilitii 
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tainl,  our  ordinary  remedies  oteicisc  but  little  control  over  their  prog- 
ress. We  have  therefore  almost  in  despair  turned  to  the  therapeutics 
of  electricity  in  these  diseases,  and  although  it  has  failed  by  far  to 
accomplish  all  that  coM  be  desired,  It  has  yet  proved  to  be  more 
efficacious  tlian  is  generally  credited*  In  some  cases  it  certainly  arre&t» 
ihe  disease. 

As  a  rule  we  alternately  make  use  of  central  galvanisation  in  its  most 
diOTough  form  with  faradization  and  galvanization  of  die  a£ected 
muscles. 

Persistent  faradization  of  individual  muscles  has  been  alone  recom' 
mended  by  Duciienne,*  and  among  others  who  have  reported  recover- 
ies by  this  simple  and  single  method  might  be  mentioned  Dr.  Alex.  P, 
Fiddian, 

The  case  f  that  he  details  was  treated  by  that  form  of  electricity 
generated  by  the  old-fashioned  magneto -electric  machine,  and  ahhough 
the  atithenttcity  of  the  statements  cannot  be  doubted,  yet  a  knowledge 
of  tlie  combined  experience  of  those  who  have  accomplished  most  in 
electro  therapeutics  must  confirm  us  in  the  assertion  that  in  order  to 
achieve  the  best  results^  both  currents  must  be  used  and  the  applica- 
tions directed  to  the  nerve  centres  as  well  as  to  the  affected  mubcles. 

Pr&g^resstvi  musntiar  atrophy  of  muxit^  of  iAt  Hght  Aand^  three  yean*  standing — 
PaiH  in  back — JVuf/t6ftesj,  and  coidttess,  and  neuralgia  of  tki  arm — Diseaa  of 
fhe  sAtH — Arr£4t  of  the  disease  under  galvanixaHQH  of  ifu  spine  and  ptriphertti 
faradization. 

CA±i£  LXXl, — Mr.  N.,  agentlcraaji  of  middle  UrCj  w&sbraug^ht  la  us  by  S.  J.  H0I+ 
ley,  Kovcnilier  141  1870.  The  patient,  who  had  a  strotig  conslilutionp  for  three 
yfeir^  hiii  been  ^ufTcring  rront  ^trophy  of  the  muscles  of  the  ball  of  the  thumb  of  the 
li^ht  Hand.  The  disease  had  been  gradual  in  its  onseti  and  very  gradusd  in  iti 
kdvance,  and  by  v^irious  treatment — medicines  and  fAradUatiun  of  the  miuclts — had 
been  more  or  less  modified.  The  atrophy  was  preceded  by  pab  in  the  back  io  the 
region  of  ihe  third  doisidi  vertebra.  This  spoi  we  found  to  be  tender  on  pressure^ 
and  al^  tCAiier  under  tlie  electric  current.  A  galvanic  curreot  applied  to  the  tender 
»pgt  caused  at  atice  a  sensation  in  the  tt^e(ted  hand.  There  were  in  the  hand  per- 
sistent coldness  and  gieat  numbnes,  with  anscsthesia,  and  also  tmpaiiTnent  of  the 
sense  of  pressure  is  determined  by  ejcummation  with  the  piesmeter,  and  there  wfti 
efifeeblemeni  of  the  sexual  power.  The  coldness  and  numbness  were  iirst  feli  fix 
ifearr  before  in  the  track  of  the  ulnar  nerve  i  the  pain  in  the  back  appeared  6vo 
fMTs  before,  and  two  years  after  that  the  muscles  of  the  baud  began  to  atrophy. 
At  one  time  there  had  been  evidences  of  an  acute,  or  rather  subicute^  congestion  of 
the  cordf  with  the  symp[ams  of  numbness  of  half  the  body  on  the  right  side  ^  anseft* 
(beoA  of  the  rectum,  so  that  the  ficces  were  passed  unconscioiisly,  and  servere  MU* 

*  Dc  rElectrisation  Localls^e*  p,  701, 
f  Med.  Times  and  Gazette,  Juty  20,  1872,  p.  66k 
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nJgifl  of  the  trm — these  s)^ptoms  lusted  one  month.  The  6nt  (u\d  dot  va| 
strong)  &ppllca>tion  of  the  galvanic  current  caused  Insomnia  that  night ;  pft*n  In  mb- 
dotnen^  and  menial  depression,  and  uueslhesia  of  the  rectum;  one  day  follawiB^ 
trratment  lie  felt  a  sensation  in  his  b&ckp  as  though  some  one  had  sudlUciiIx  ani] 
scverety  struck  him  from  behind^  gradually  he  became  accustomed  to  theaippUi^liom, 
which  were  nuidc  milder  and  shorter,  and  began  to  get  batten  There  were  len  in* 
•omnia  and  better  appetite^  les«i  pain  and  more  warmth  in  the  huid  and  arm.  Dttriag 
the  treatment^  which  lasted  several  weeks — about  twentji'  applications — a  jfrwrv/uiMu 
tP^piiffn  app^arfd  the  hack  and  xhsulders^  vtith  great  iUhtHg^  wifA  ttrhdcJk  c^mt 
freaS  relief  of  the  pnin  in  the  spine.  The  Itching  oF  the  prurigo  was  it«lf  relieved 
by  the  galvanic  current*  The  diseajse  wai^  to  aJl  s£crning,  arrested,  although  tl>e 
atrophied  muscles  did  mot  return  to  their  □ormal  conditinn.  Eighteen  moDtha  altei 
the  dose  of  the  treat  mi^nt  we  met  the  patient.  He  was  ta  excellent  health;  aitfaon^ 
the  hand  was  still  considerably  shrunken,  the  »x.ual  power  had  returned,  anct  be  had 
but  recently  majried,  liavmg  prcviouiiy  lived  a  bachelor ^  and  he  was  Li  most  ^^^IH^ 
ipiiita. 

The  features  of  most  interest  in  the  above  ca&e  are  : 
I.  It  seemed  to  show  the  central  origin  of  progressive  miiacidu 
atrophy*  Long  before  the  musdeG  of  the  hand  began  lo  atropJiy  thm 
vas  evidence  of  spinal  congestioD  at  or  riear  that  part  of  the  cord 
whence  issue  the  nerves  lo  supply  the  arm-  For  several  years  these 
t^yraptoms  had  been  existing  before  the  atrophy  was  observed^ 

a.  The  fact  thatj  when  taken  early,  progressive  muscular  atrophy, 
grave  as  the  disease  ts,  may  be  arrested  by  galvanizaliou  of  the  nerve- 
centres, 

3.  The  apparent  relation  of  the  pruriginous  eruption  and  the  mortud 
state  of  the  cord-  When  the  eruption  appeared  with  severe  itching, 
the  patient  at  once  improved,  and  then  the  eruption  was  itself  relieved 
by  the  galvanic  treatment  (see  chapter  on  Diseases  of  the  Skin). 

Progreiihit  muKukir  atr&pky  of  jevere/  yearf  standing— Approximate  rtcevtrj 
mnder  pcrsisferti  ireainf€ttt  by  general  and  local  faradisation  and  jpim^i 
t/amsaiiaft, 

Ca^e  LXXIL  — Mr.  D.^  aged  44.,  came  tu  us  with  symptoms  typical  of  progressive 
muscular  atrujihy.  Tutr^e  svmpfoms  had  heen  devehiping  fur  over  two  year^.  The 
thenar  and  hypothenar  eminences  of  the  right  hand,  together  with  the  mass  of  inter* 
osei  mu&clcSf  were  510  wasted  a*  to  render  the  hand  neirly  uvtc%  The  outer  muscles 
of  the  left  hand  were  also  somewhat  wasted,  w  that  the  liitte  (inger  of  that  side  nas 
fast  becoming  powerlesi.  On  localizing  Ihe  faradic  current  in  the  afTected  mosdet  of 
the  right  hand  it  was  found  that  there  was  some  cegree  of  electro-mo^Lar  contrac- 
tility in  all  of  them- 

Up  to  a  few  days  before,  the  patient  had  been  unaware  of  the  Dnturc  of  his  eoa* 
plaint,  and  on  learning  tU  true  character,  he  cxpresivd  his  re:idines$  lo  undergo  pnh 
longed  treatment.  In  addition  to  the  symptoms  above  stated,  he  complained  of 
weaknett  and  stiEnta  of  the  limbs  togeth^  w^tth  same  want  of  co-ordinating  powA 
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Odcc  a  w«k  the  patient  was  submitted  to  geaeril  fanduation,  uid  thm  tunes  «  week 
to  galranitiilion  of  the  spine,  and  farad ication  of  the  aflfected  muscles.  Spajtmodk 
coatraction  occasionally  Dcdured  b  the  flexor  nmsclea  of  cither  arm  aiid  hand,  and 
these  contractions  were  aiways  aggravated  if  the  faradic  current  was  applied  to  these 
luusdcs  while  a  mild  conltnuous  ginjvajiic  current  afl^ordci^  great  relic/.  The  above 
treatment  was  continued  unititerTuptedly  for  four  months  when  it  could  readily  bfi 
■eeft  that  there  wai  an  appreciable  increase  in  the  site  of  the  alroplsled  muscles,  esp&- 
ctally  those  t>elwt^cn  the  thumb  and  index  6n^r>  He  was  again  able  to  write  with 
considenible  rcatliness,  Eomethirig  which  be  had  not  attempted  for  several  months 
His  limbs  bad  gained  markediy  in  strength,  and  he  teemed  approximaiely  well, 

Progressivt  muscular  Mr^phy  with  paralystt  of  tht  txtemor  mmdes  of  thg  kand^ 
D*ei*ted  rHuf  under  i^caJ  faradUation  and  ^A/vantta/tpn  9f  th*  jymp^hi^is^ 

Case  LXKdl. — A  Ecnt'cmaii,  ogerl  40^  was  sent  to  by  Dr,  J.  J,  Crane.  There 
was  deci:l»l  parat^-sis  of  the  cxtenbor  muscles  of  Ihc  ri^ht  liAnH,  with  such  marked 
atropliy  of  the  inuscks  at  tliic  hn.sc  of  the  Liuinilj  nib  t<j  cau^e  both  the  thenaf  and  hypo- 
thenar  emincitces  to  <itand  out  in  buM  and  an^Ur  lelief.  Sfia^n^xUc  contracIiE'^iis  t*i 
the  flexor  muM:lcs  acciukiuually  occurred,  mid  he  was  oaaoyed  by  &harp  neuralgic  ptunt 
in  ^he  aJiccled  part,  TJie^  !iymptomi>  were  firsE  aotieed  somewhat  more  lha.n  a  year 
previously,  and  the  ai|iparent  cause  wa^  a  violent  jerk  that  he  liad  received  about  that 
time.  The  patient  wa^  ttcAtcd  by  galvaniratian  of  the  sympathetic,  and  faradl»tion 
of  the  affected  fuuKks,  and  the  result,  after  sotne  twenty  uiances,  was  approximate 
relier  of  aU  pain  and  tendency  to  spasmodic  contractions  ;  the  gtajip  became  ^Irong^er, 
ukI  i]ie  paiieeii  wa!<  agam  enablecl  to  write  wUh  some  decree  of  reodiues^  The  treat* 
mcoL  was  tint  continued  ^sufficiently  long  to  enable  ui  Lo  test  in  this  case  the  power  of 
faradization  to  increase  (he  muscular  tissue. 

We  were  enabled  to  excite  in  this  patient  the  so-called  dlplegic  contracttoos  of 
Remak. 

Siasiutar  airapHy  &f  thret  ytar^  standing— Incrtasi  in  nsi  of  tki  ahvpAUd  muscUj^ 
and  apprMcimafe  re/iff  sf  aijociattd  rympiorm — TAf  patuni  stiH  under  trtat- 

Case  LXXIV. — In  Ihe  cxse  of  a  gentleman  of  50;  who  at  the  dale  of  writing  ii 
«iiU  at  our  hands  receiving  treatment,  that  ha^  alrady  extended  over  several  months^ 
the  benefit  derived  has  been  of  the  most  decided  character.  The  first  symptprqs  qf  the 
diaaue  Were  obber^'ed  three  years  prior  When  we  first  saw  him,  there  was  very 
roirked  atrophy  of  the  muscles  of  the  right  hand  and  lo  a  less  extent  of  tho&c  of  the 
left ;  this  atrophy^  moreover,  was  making  appreciable  progress  from  month  to  month. 
There  was  paralysis  of  the  inJei  finger  of  one  hand  and  Ihe  little  finger  of  the  other  ; 
uiadeti  spasmodic  contractiDtis  of  both  hands  were  frequent  and  annoying^  aad  there 
was  an  utter  inability  to  write.  Up  to  this  time  the  treatment  by  central  galvanka- 
tion  combinetl  with  faraduation  of  the  atruphted  mu^les  galvanization  of  the  flexo~&, 
with  occa^onal  seances  of  general  Ikradiiation,  have  vastly  improved  the  patient  in 
every  .tymptotii.  The  nutrition  has  beeo  so  far  Improved  to  show  an  appreciable 
increaK  in  the  size  of  the  affected  muscle*.  There  has  been  an  approximate  recovery 
of  [be  paralyied  fingers  \  spasmodic  coatraciioni  do  laager  annoy  bim,  and  he  enjojrt 
cooaderable  facility  with  the  pen, 
3» 
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Progressive  Myo-Scierotic  Paralysis  {Progressive  Mmeular  Hypfr- 
trcphy)^  Pseudo-I/ypertrophic  Paralysis, — This  disease  of  childhood 
was  Rri^t  described  by  Dr.  Edward  Meryon,  in  a  paper  read  before  tll< 
Royctl  Medical  ^tid  Chirurgical  Society,  December,  1857.  A  cose  was 
subsequently  reported  by  Dr.  T.  King  Chambers,  in  the  Medico  Chinjr- 
gical  Transactions,  1S54.  The  disease  has  been  observed  m  two,  tiirct, 
and  four  children  of  one  family.  The  disease  has  been  systematic^y 
studied  by  Duchenne,  who  was  the  first  to  set  it  before  the  profession 
as  a  distinct  disease^  The  symptoms  of  Lhis  afieciion  in  the  first  stage 
are  weakness  in  the  lower  limbs  and  Hexion  of  the  toes;  in  the  second 
stage,  increase  in  sise  of  the  muscles  of  the  Z^^^'j— especially  of  liae  calv<c$i 
of  the  back,  and  of  the  gluteal  muscles  \  in  the  third  stage,  extension  of 
the  disease,  muscular  atrophy,  exhaustion,  and  death* 

Electro-Diagnssis, — Farado-muscularcontractility  usually  diminisbed; 
galvano-muscular  contractihty  maybe  either  normal  or  exaggerated; 
electrO'Riuscular  sensibllLty  is  sotiietinies  diminished,  sometimes  noma). 

Prognosis. — The  patient  is  pretty  sure  to  die  in  tlic  course  of  a  few 
years.  In  the  second  stage  the  symptoms  may  remain  stationary  for  a 
long  time.  Benedikt  was  able  to  improve  a  case  of  two  year^*  standing 
Ijy  galvanuation. 

Treafment. — Faradization  and  galvanization  of  the  affected  mas' 
cles,  central  galvanization,  and  galvani;£atioa  of  the  sympathetic,  bhouid 
all  be  tried  la  succession  or  alternation. 
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RHEUMATISM  AND  GOUT, 

Rheumatism  is  x  disease  for  which  electricity,  by  various  methods  of 
applicarioTif  has  been  employed,  with  more  or  less  success,  from  the  early 
periods  of  tlie  histor)'  of  electro-therapeutics.  Next  lo  paralysis,  \i  la 
perhaps  the  disease  in  which  the  original  experiments  of  electro-thera- 
peutists were  most  frequently  conducted;  and  for  the  reason  that  (like 
paralysis)  it  is  so  frequently  obstinate  to  ordinary  remedies. 

Trtatmtnt. — Being  a  const ituiional  distaste  if  demands  eomtilutimal 
treatment.  The  best  results  are  obiained  by  general  faradizatiooj  com- 
bined with  faradization  or  galvanization  of  the  affected  joints.  To  con- 
fine (he  treatment  to  the  affected  joint  is  unphilosophical,  and  usually 
more  or  less  unsatisfactory,  for  the  obvious  reason  that  it  attacks  merely 
a  local  symptom,  which  at  any  time  may  be  transferred  to  other  and 
remote  parts  of  the  body.  The  true  method  is  to  lay  the  axe  at  the  root 
of  the  tree  by  making  the  applications  general,  so  as  to  bring  the  whole 
system  under  the  inSucnce  of  the  current.  This  treatment  sometimes 
causes  increase  of  the  flow  of  urine,  and  almost  always  more  or  less  ex- 
hilaration, and  relief  of  the  pain.  Special  attention  should  be  given  to 
the  parts  which  are  chieHy  affected,  and  the  swollen  joints  should  be 
treated  by  mild  and  steady  faradization  or  galvanization.  Where  in  the 
acute  or  subacute  forms  the  immediate  effects  are  agreeable,  it  is  prob- 
able that  continued  treatment  will  be  of  service.  For  the  local  treat- 
ment the  galvanic  and  faradlc  current  may  be  used  alternately. 

The  effect  of  the  current  on  the  inflamed  joints  is  to  relieve  the  pain, 
reduce  the  inf!amniation,  and,  where  effusion  has  taken  place,  to  cause 
absorption.  Absorption  maybe  caused  by  both  currents*  in  some  cases 
more  powerfully  by  the  galvanic.  If  the  currents  are  used  too  strong 
or  too  long,  the  pain  and  inflammation  may  be  increased.  For  appli^ 
cations  to  very  sensitive  and  painful  joints,  the  p&sifh*€  pole  is  prefer- 
able (see  p.  281).  For  rheumatic  callosities  and  anchylosis,  very  pr^ 
longed  local  applications  of  the  galvanic  current  may  be  tried. 

P^PgnQsis. — In  presenting  the  prognosis  of  rheumatism  gre&t  strcM 
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must  be  laid  on  the  distinction  between  the  ehronicy  subacute,  an^  mu 
cuhr  varUiUs. 

During  our  earlier  investigations  in  electro  therapentics  we  iruieii 
perhaps  as  many  cases  of  rheumatism  as  of  any  one  class  of  dtseiM. 
The  apparent  results  of  treatment  by  electrization  in  many  cases  of  am*- 
cular,  and  in  a  number  of  cases  of  the  acute,  subacute,  and  chrODic  wii- 
cties  of  articular  rheumatism,  excited  our  enthusiasm^  and  led  us  (ohope 
tlaat  a  remedy  had  been  found  that  would  prove  very  generally  and  \m- 
erfully  remedial  in  all  forms  of  this  disease.  Further  experience  aftd 
investigation  compel  us  to  declare  that  we  are  not  to  expect  such  rapid 
and  decided  benefit  from  electrization  in  the  worst  cases  oi^krenit^' 
cular  rhiumaihfn  as  wc  at  first  supposed* 

The  most  uniform  results  are  obtaiiied  in  the  muscular  form  ;  the  oew 
best  are  the  subacute  and  acute^  and  the  least  satisfactory  of  all  io  (be 
chronic  stages. 

A  good  opportunity  Io  note  the  immediate  effect  of  electrization  o 
afforded  in  those  cases  where  the  disease  is  of  such  severity  as  to  render 
any  of  the  muscles  of  the  body  almost  if  not  quite  powerless. 

Rheumaiii  paralysis — DeeiJid  relitf  mfder  gtneral  /araditati&n. 

Case  LXXV. — The  suflercr  was  a  little  boy„  who  for  several  monEh^  had  hwitf* 
flictcd  with  both  acute  and  chronic  muscular  riteuinalibin.  The  i.lcrno-tlc(do-iMsn«tii- 
euA«  and  the  pUlysma  tnyoldes  mu&cles  were  very  rigic!,  and  freqiienlly  cflwnicWl 
viotentt)^  coming  acute  pain.  The  paltent  was  unaNe  to  bring  his  oeiitrlfl 
each  other  than  one-lialf  :in  inch,  while  it  was  impo?*ihle  for  him  to  lum  the  bai^ 
either  side,  witliotit  at  the  sume  lime  turning  the  whole  body, 

TIic  entire  head  was  exceedmg;ly  senntive  to  dight  pressure  with  the  fisgfCTV  Tt« 
first  application  was  nnade  with  on  exceeclingly  mild  and  tine  fADutic  current,  iiid<ni 
of  ten  minutes^  duration.  With  the  hand  and  fingers  a&  electrodes,  we  caiefDUjr  tfi^ 
ttipulatcd  the  head,  neck,  and  individual  muscle^  until  the  patient  couJd  dose  hb  nuOlii 
■nd  turn  his  bead  to  eit  her  side  witb  som«  freedQia»  and  without  sufferuig  poia  or  wcob- 
venicace. 

In  about  a  week  the  patient  presented  him^U.    He  could  stiU  close  his  ja^ 

6rni]y*  but  was  unable  to  turn  his  head  as  readily  as  before.  A  SE^ontl  appUctDBt 
relieved  him  as  completely  as  the  first.  To  our  regret  wc  saw  dq  more  of  th»  tf< 
after  the  second  visit,  but  learned  subsequently,  however,  thixt  b£  retained  the  impnnv 
metit,  and,  under  internal  medication,  recovered. 

/ftSerxojtal  rheumatism  of  long  jtanding—  Impravtmcnt  under  gtntraJ /a. 

Case  LXXVI. — A  gentleman,  sent  to  us  by  Prof,  Aa^lin  FUot,  wu 
mately  cured  of  chronic  rheumatism  that  chiefly  affected  the  intcrcofita!  tn"- 

For  nearly  three  years  he  had  suffered,  from  time  to  time,  atiacki  of  more 
M^'erkyi  although  at  no  time  since  the  di&e^  ftrat  tnajilfestcd  H>df  bod  he  been  CB- 
tirdy  free  from  it. 

It  was  a  singular  feature  of  hi$  dlsorda  that  it  was  aggrft vated  by  the  wum  veitbef 
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ciwpimg  and  mmmer.  Ho  was  treated  hy  gcaeral  elcctrizatioa  vnth  the  forodic  cur- 
rent every  other  dity  for  six  weeks.  He  gra^luaJty  improved,  and,  when  Crea^tmenl 
ms  discoDlinued,  he  reuiained  comparatively  htt  from  aay  iymptoms  a£  Ms  late  dl&- 

Suhsitutt  artkittar  rA^ttmatism — Hfustuletr  sortnesf  end  enlargement  of  foinU  re- 
Ufitd  by  three  gtntrat faraduathnj^ 

Case  LXXVIl  —By  the  courtesy  of  Pror  Austin  Flint  we  treated,  iii  Oclot>er, 
l867f  ^  case  of  §ul>acute  articuLir  rheumatism  in  one  of  the  wards  of  B^llevue  IJoj|>i- 
wL  Fof  ibree  month?;,  itie  patient  had  suffered  from  mii^ular  Mrenci*  uf  tht  back 
and  slioutders,  ami  a  considerable  enlargement  of  the  ri^hl  vvtint  and  ankle  and  the 
joints  of  the  fitui  toes  of  l!ie  feet.  Three  general  applkdliotis  ^ilh  special  reference 
lo  the  disea^d  pans.,  dinsipated  the  muscuki  sorene^,  and  so  decWlally  relieved  the 
lameness  and  rcdutzi-d  the  cnlargemeols  of  the  joidls  that  the  palicnt  was  dUchai^ed 
from  hospital  in  three  weekit. 

Both  acute  and  subacute  rheumatism  occasionally  occur compllcntcd 
witli  ni^uralgia  and  nervotts  exh:iUbjtion,  ^nd  are  usually  very  persistent. 

Sndttfrnle  r^etfmtfiisifl — Rfgkt  dettaid  mujcle  and  Meverai JidnU  nnd Jingert  OMd  U/t 
knee  ajf^rttd — Dthiiity — HtcQvtry  under  gfttera/ JaradizattOH, 

Case  L\X  VIIF.  —  A  ijentleman,  aged  about  4O1  observed  and  treated  by  invitation  of 
Dr.  Howard  Finkney.  in  (Jet.,  ibO;,  waji  suflcfing  Acutely  from  rheumatic  pai^lysis  ol 
the  ri^.'^ht  deltoid  muscle,  symptoms  ofinflamn^aliun  of  the  sheath  uf  ihe  uhiar  nerves 
swctllng  of  *Krvcrali>f  thejuiiiUof  the  fingers  of  the  left  hand,  and  fl  very  painful  enlarge- 
mcftl  of  the  left  knee^  and  great  debility.  It  is  proper  to  stale  that  the  patient,  as  well 
as  his  physician,  oscnbed  hi*  great  nervous  prostration  partly  to  recent  aiid  exccissive  dis- 
flpalion.  The  Arst  application  of  the  faradic  current  not  only  greatly  retluced  the 
temperature  of  the  atfcded  limbs  hut  restored  in  some  degree  the  lo:&t  power  ol  mo- 
tion 10  the  right  arm.  Under  Uie  hifluence  of  the  current,  the  leg  increased  in  ^  and 
rcmainrd  in  thi^  condition  for  about  a  week,  when  the  swelling  rapidly  suli^^ded.  The 
btti  in  the  infjanied  joints  did  not  again  rise  to  the  same  temperature,  and  the  partly- 
lb  of  the  arm  progresse*!  jrradually  towards  recovery  from  the  first  application, 

Anssthesu  of  th«  deltoid  was  a  marked  symptom  i  but,  as  ts  usually  the  otse.  It  w«4 
^eadiiy  di^|^ted> 

Treatment  by  etectriiation,  lo^thcr  with  potasL  brotnid,,  wfts  continued  from  Oct* 
Lo  Nov.  gth,  when  the  patient  wu  discharged  ^  approximately  cured. 

Subatnte  attii'u/nr  rhfumff/tim  of  nine  months'  standings Appr&xim&ie  reem>ery 
umitr  generai  faraditaiion  and  galvanisation  of  tAe  fpine^  rympotketU^  and 
iolar  piexMt. 

Case  LXXIX. — Mr.  S,,  aged  40.  had  for  nine  month ii  suflered  constantly  from  sub- 
acute articular  rheumatism.  The  paroitysms  varied  in  severity,  and  the  scat  of  pain 
and  swelling  was  constantly  chang;ing  from  th«  fUiger'jaint&  to  th«  wrist  and  elbowSi 
lo  the  ihoiddcrs,  hips  kne^f,  and  ankle?.  The  most  eonfitant  location  of  the  di^uc 
ia  the  ankles  and  wrislsi,  and  in  consequence  incapudtated  him  from  punuing  hi« 
avocation  of  a  book-keeper.  He  was  treated  first  by  general  faradizatioti  March  tjlh, 
l97),  and  In  a  coupJe  of  days  the  galvanic  cnrrenl  from  ten  ordinary  imc  carbon  cellt 
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was  direct^  Along  the  spme  from  the  sixth  cervical  vertebra  to  tlie  solar  plem  Thi 
method  of  treatment*  which  was  continued  for  two  months  grmduolly  IsBBked  ik 
tendency  to  swdimg  and  uritAtion  of  the  joints^  and  enabled  the  patient  to  t&am  ik 

bu^ness* 

When  the  treatment  was  discontinued,  he  had  not  eatirely  recovered,  but  dBnaf 
the  summer  be  improved  still  further  and  ihfough  the  following  winter  4ad  spA{ 
WB5  so  little  annoyed  by  his  old  enemy  as  »t  no  time  to  be  comp«Ued  to  kutm  Ui 
datiH  of  wrttingp  even  for  a  day. 

Myalgia  (Muscular  J?kmmatism), — -This  name  is  cotninonlyappLid 
to  neuralgic  or  rheumatic  pam  af  the  muscles  on  movement,  cau&cd  usu- 
ally by  expo&ure  to  cold  or  dampness.  It  m^y  be  distinguishetl  froa 
ordinary  neuralgia~/f/*j/,  by  tbe  fact  that  tlie  pain  occurs  chiefly  od 
movement  and  not  on  rest ;  and,  secondly^  by  the  fact  that  the  sore- 
ness is  diffused  through  or  over  the  muscles,  and  not  seated  or  died 
in  certain  nerve  tracts.  It  receives  different  names  according  toib  lo- 
cality. In  the  back  it  is  called  lumbago  ;  m  the  thoracic  miisclci^ 
pkurodynia  ;  in  the  neck  it  simulates  torticollis  or  n-ry-neck  so  doscif 
as  oftentimts  to  be  confounded  v^ith  that  affection  (see  Torticollis). 

Treatmtnt. — Local  faradization  vrith  a  mild  curretitj  cither  stable  w 
labile,  usually  relieves  such  cases  in  a  short  time.  Stable  galvaniiiiioti 
also  with  a  mild  current  maybe  at  once  effective.  Severe  appliwrioni 
may  increase  the  pain  in  this  affection.  The  fact  that  the  palicnl  H 
not  at  once  relieved,  or  is  worse  after  the  first  application,  should  utfl 
discourage  us,  since  the  final  result  may  be  satisfactory.  Of  the  li^c 
number  of  cases  that  we  have  treated,  nearly  all  have  been  relieved  by 
one,  twOj  or  more  applications.  A  single  application^  with  a  m\U  cur- 
rent, prolonged  for  one  or  more  hours,  may  sometimes  entirely  dissipttc 
an  attack  of  myalgia. 

It  is  in  myalgia  that  the  belts,  chains,  bands,  disks,  etc.,  worn  on  dM 
body,  have  obtained  the  best  results.    A  convenient  arrangeniCDl 
making  prolonged  or  continuous  local  applications  of  very  mild  galvW* 
currents  is  the  electric  disk  of  Dr.  Garratt 

@ 

Kjg^  to*. 

Circle  Disk, 

These  are  made  of  alloy- 
Bilver  for  the  positive  pole. 


Oblotig  Button  Disk. 


-magresium  and  ;tinc — for  the  negative,  *»d 
The  surface  of  the  body  forms  A  moitf  cod 
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ncction  between  the  pairs,  which  are  insulated  hy  thin  rubber.  Th** 
disk  is  raatie  in  two  general  varieties — -the  circular  and  the  oblongt — 
rhe  latter  being  used  for  the  limbs  or  back  ;  the  former,  which  is  very 
flexible^  can  be  appUed  to  almost  any  portion  of  the  body.*  The  ver) 
slight  galvanic  action  of  these  disks,  which  is  excited  by  the  moisture  of 
the  body,  may  be  increased  by  wetting  the  skin  beneath  them  with  sail 
water.  They  should  only  be  worn  a.  part  of  the  time,  cither  in  the  day 
or  night.    They  may  be  used  for  weeks  and  months. 

That  these  and  other  similar  contrivances,  when  scientiftcally  con- 
structed, may  relieve  slight  i&eai  and  suptrficial  pains,  there  is  no  ques- 
tion. In  the  treatment  of  deep-lying  affeciionsof  the  brain,  spinal  cord, 
and  viscera,  or  severe  neuralgia,  very  many  important  results  have  not 
yet  been  reported  for  them.  The  results  that  appear  under  their  use 
mayj  perhaps,  be  sometimes  explained  in  part  by  their  effect  on  the 
imagination  of  tlie  patient,  and  by  the  counter*irriiatior»  which  they  un- 
questionably excite  when  long  worn.  To  differentiate  these  effects  is 
quite  difficult 

CffinpUU  tr/luf  of  mtistu/ar  rheumatism  of  several  years'  stunding  by  a  dMen  afifiU* 
fa/ioTii  cf  genfral fartiiitxatioH. 

Cask  J.XXX.— Mr.  F.,  agcti  30,  was  directed  to  us  by  Dr.  ThompMn.  The 
patient  of  a  ddicatc  constitution,  and  from  childhood  had  been  extremely  nu« 
ceptible  to  &U  external  influenpes.  A  few  yc.irs  previous  to  hts  vi^t  to  us,  he  began  lo 
be  severely  aifecled  by  muscalar  rheumatic  pains  having  their  seat  more  especially  in 
both  shoulders  and  the  chesf. 

He  becamt:  itnsmic  an^i  suffered  much  from  cardiac  palpitations.  He  was  at  once 
tubmUted  to,  and  treated  only  hy  general  faradization  in  its  most  thoroiigh  form. 
The  effects  were  imracdUte  and  decided,  He  suffered  less  from  the  first  seance^  aud 
in  three  week*  after  the  admintstralion  of  a  dozen  applications,  the  relief  the  patietit 
experienced  was  complete. 

Mmnilar  t^/teumatism  ff/  the  kips  andlimbT  cristiftg  a  mffnth^RaJrid  rsmttry  under 
yaradimtion      the  Affected  parts. 

Cask  LXXXL— Mr,  S.,  an  old  gentleman  of  65^  was  referred  to  ii«  by  Dr.  J, 
O'FarrinEtoo- 

The  patient  wfis  suffering  acutely  from  pain  and  lameness  across  the  lower  portion 
of  ihe  back  and  hxps  while  both  thighs  were  so  exquisitely  sensiliye  av  to  render  hixn 
utterly  unable  to  walL  Thc.'ie  symptoms  had  resulted  from  exposure  to  cold  a  month 
previouAty,  and  had  resisted  various  mctbod^of  treatment.  Faradization  of  the  aifccted 
parts  one  evening  just  before  retiring  did  nol  immediately  allay  the  pain  and  tender* 
n<ss  ;  byt  the  following  morning  found  hiiti  able  to  take  a  few  steps  with  cornparatiTe 
eomfort,  and  by  evening  \t  had  very  perceptibly  improved.  The  same  applkatioD, 
repeated  on  successive  evenings,  enabled  the  patient  in  the  course  of  a  week  to  walk 
with  considerable  ea±e»  and  in  a  fortnight  all  huneness  had  disappeared. 

*  For  sensitive  patients  ^d  especially  for  ladies,  the  oblong  button-diik"  ia  nm 
illy  to  be  preferred,  on  account  of  its  greater  Ughtnes  and  flexibilitjr. 
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Oout — Iri  tht  chronic  form  of  goiit  faradl/atioa  is  sometimes  of  essen 
dal  service,  Gei  eral  faradizatioa  ixnd  central  galvanisation  may  be  tried 
with  The  hope  of  raising  the  tone  of  the  system,  and  so  as  to  etiable  it  to 
better  cope  with  ihe  disease.  Temporary  relief  of  the  pain  may  be  derived 
from  either  lucal  galvanization  or  faradization ;  but  anything  like  a  per 
itionent  removal  of  the  disease  is  not  to  be  expected  from  any  form  of 
electrical  ireatm\;nt. 

VViih  some  gouty  patients  the  electrical  treatment  act*  so  decitlcdiy 
that  vve  are  disposed  to  resort  to  it  during  the  subsidence  of  each  attack, 
to  relieve  the  pains  and  hasten  recovery,  Gaivaniiation  of  the  affected 
jtiints  doe*  not  seem  to  produce  the  absorbing  or  catalytic  effect  that 
could  be  desired,  aUhoiigh  when  judiciously  used  it  accomplishes  some- 
thing. Whether  any  beneht  can  be  derived  from  any  form  ofelecinza- 
Uon  during  the  acute  stages,  we  are  unable  to  say. 

GoHt  of  thirty  yrarj'  stunding  in  a  genttiman  sixty  years  of  age — Pasitnt  rtfitf 
from  general  /Qradixatian  in  the  suhsiding  stage  of  an  attark. 

Case  LXXXII.— Mr,  W— — ,  a  retir&l  gentleman  of  60  years,  who  had  Uvol  in 
considrfable  case  f.*r  aiivimtter  of  year*,  cmisultet!  tis  March  20.  186S.  For  thirty  yean 
he  )iad  stiffered  from  attacks  of  goat,  especially  during  the  fjU  and  winter  ^easoai. 
When  he  first  tonsuUed  us,  he  vras  in  the  subsiding  slRjjc  of  a  severe  attack.  We 
gftvc  him  foEir  apj^licdiion^  of  general  faradizalian  that  relieved  hi&  p:iin%  atiU  seemed 
to  hELsteii  his  return  to  h]«  usual  condition  of  health  during  the  iiitcrvai^  Sub»cf]uently 
the  patient  repotted  to  elecLrical  treatment,  wit^  dtfcideJ  l>enefiEp  Whether  the  treat' 
ment  had  the  effect  to  dimintsh  the  violence  or  rrequeney  of  the  attacks,  we  have  001 
been  informed. 

Rhcttmaffc  Gout  {A rthr tit f  nodosa). — This  affoction  is  neither  gout 
nor  rheumatism,  but  appears  to  be  a  distinct  constitutional  affeciiun. 
It  occurs  most  frequently  in  the  delicate  and  the  nervous,  and  may  be 
regarded  as  essentially  a  condition  of  debiltty.  It  ts  very  apt  to  affect 
the  hands,  fingers,  and  toes^  and  sometimes  thoroughly  cripples  the 
patient. 

Treatment. — -This  condition  is  most  successfully  combatf'd  hy  tonics, 
and  electrization,  more  for  its  tonic  effects  on  the  system  than  for  any 
ftpecial  catalytic  power  over  the  enlarged  joints.  General  faradLzation, 
central  galvanization,  and  galvanization  of  the  sympathetic  are  the 
methods  that  experience  has  shown  to  be  most  useful  in  this  very  intrac* 
table  malady. 

PrQgmsis^ — The  prognosis  in  rheumatic  gout  is  not  biilliant.  The 
pains  can  be  relieved^  the  sleet>  can  be  improved*  and  the  system  caa 
be  in  every  way  strtmgthened  by  the  electric  treatment,  and  even  the 
enlarged  Joints  can  be  made  to  dtiutnish  in  sij:e,  or  at  least  to  bi?  lesi 
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tronblesome.  As  nearly  all  patients  afflicted  with  rheumatic  gout  an 
in  a  condition  of  debility,  the  improvement  experienced  at  first  undei 
general  faradization  is  such  as  to  lead  them  to  hope  for  a  permanent 
eradication  of  the  disease.  In  this  respect  they  are  always  disappointed* 
The  disease  may  be  held  at  bay,  but  is  never  banished.  It  is  doubtful, 
indeed,  whether  the  benefit  is  not  entirely  due  to  the  tonic  effects  of  the 
treatment  on  the  system,  and  not  at  all  to  any  special  influence  over 
the  rheumatic  gout 

Other  remedies  are  so  powerless  in  this  affection  that  electnzadon 
is  worthy  of  a  trial  for  the  sake  of  its  general  effects.  We  have  treated 
a  number  of  cases  by  general  faradization,  central  galvanization,  and 
local  galvanization  of  the  affected  joints,  with  palliative  and  tonic  effects 
of  a  most  decided  character.   Dr.  Althans  has  had  similar  experience. 
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SPASMODIC  DISEASES. 

Of  Spasmodic  diseases  this  general  law  holds*  that  when  rcccEt,eTct 
though  violent,  they  yield  readily  to  electrical  treatment;  but  wWd 
long  standingj  ihcy  are  easily  palliated,  cured  with  diificiiUy,  ajid  Are 
prone  to  relapse. 

Writer's  Cramp, — This  affection  is  not  pectiliar  to  writers.  An  anal* 
ogous  condition  may  attack  seamstresses,  milk-maids,  and  others  whose 
callings  compel  them  to  use  for  a  long  time  a  certain  set  of  the  musclei^ 
of  the  hand.  It  is  believed  that  the  alTection  is  not  purely  penphcrali 
but  that  it  frequently,  if  not  alwaj's,  is  connected  with  disease  of  ih^ 
upper  portion  of  the  spinal  cord. 

Whether  found  in  the  artist,  rendering  him  unable  to  nianipulatc  hi^ 
brush— the  pianist,  preventing  him  from  fingering  his  in&irumenc — <a 
the  penman,  causing  bis  writing  to  be  almost  if  not  quite  illegible — the 
same  general  characteristic  is  observed,  viz.,  the  recnrrence  of  spasm 
or  pain  whenever ^n  attempt  is  made  to  execute  a  special  inovemeQU 

Pains  resembling  neuralgia  or  rheumatism  so  closely  as  to  be  con- 
founded with  those  diseases,  frequently  accompany  writer's  cramp. 

The  progttt^sis  in  the  early  stages  is  sometimes  favorable  for  a  perfect 
ciire;  advanced  stages  of  long-standing  cases  are  usually  rebellious ; 
bnt  even  these  may  be  much  relieved.  Itcsi  from  the  occupation  it 
aittwst  imp^rotive. 

The  treatment  should  be  both  central  and  peripheral.  Galvanixation 
of  the  upper  portion  of  the  cord  and  of  the  median  and  radial  nerves, 
spinal  cord,  plexus,  and  nerve-currents,  and  faradization  of  the  affected 
muscles  and  of  their  antagonists,  may  be  tried,  and  when  anestheda 
exists  the  wire  brush. 

Unfortunately,  however,  those  who  are  most  frequently  subject  to 
hvriter's  cramp  are  the  very  ones  who  are  unable  to  take  the  necessary 
rest. 

Although  the  results  of  treatment  by  electrization  in  this  variety  of 
palsy  is  by  no  means  uniform,  yet  it  has  undoubtedly  been  followed  ir 
many  instances  by  approximate  and  even  perfect  recovery. 
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tt^rttf^f  £ram/f  existing  fur  /our  years — Improvement  undrr  /aradi%afi<m  aA< 

Case  LXXKII  I  —  Far  four  yeus  the  paiicnt,  n  gentleman  ftged  35,  had  ob$enfed* 
certain  lossof  power  tit  the  thumb  ami  irniex  finger  of  tlie  right  hand,  rhat  became  tnore 
dfdded  And  annoyed  htm  moTc  and  more  ferionslyp  to  that  about  a  year  previous  to 
hu  vlsii  to  u£  he  was  enabled  only  with  difficulty  to  write  the  few  pages  daily  that 
his  hu5iQ«&&  required. 

The  patient  was  unable  to  fully  cxtead  the  thtitab  and  index-finger^  and  on  localli- 
ifig  llae  f^adic  current  through  the  flexor  longus  poUicis  and  the  adductor  pollids, 
there  was  a  marked  decrease  in  the  electro-niuscuLar  conlractUtty>  The  fleKors  and 
extensors  of  the  other  fin^jers  responded  normally  to  the  influence  of  the  current.  The 
itmer  surface  of  the  hand  was  decidedly  anesthetic,  whUe  he  compUtined  of  a  con&tant 
soreness  of  the  wri&t  that  at  times  became  quite  painful. 

We  began  with  the  faradie  current,  localiiing  U  through  the  two  muscles  of  ihe 
llmmb  specially  ad'ected,  and  also  making  the  application  more  g^uenj  through  arm, 
wrist,  and  hand* 

Thiii  metiiod  cQitiplelely  dis.sipaEed  the  annoying  amestheda  and  sorene^of  the 
wrist,  but  resulted  io  no  other  beotifit. 

A  mild  galvanic  ctirrent  from  slvl  Bunsen's  cells  was  more  efiTectual.  Twdve  appU- 
caiiuos  resulted  in  a  considerable  increase  of  strength  in  the  affected  hond^  and  the 
flexor  muscle  of  the  thumb  ajid  index-finger  very  decidedly  relajied,  so  that  he  wa$ 
readily  enabled  to  accomplkh  two  or  three  times  more  in  the  way  of  writing  thu 
before. 

In  some  cases  of  writer's  crainp,  and  especially  in  the  early  stages, 
anttstkeiia  or  numbness  is  the  leading,  if  not  the  only,  symptom.  This 
may  appear  long  before  the  cramp. 

f HtipiiHt  taritir*!  cramp  in  an  editor — Prof &und  iiKolanaHhtsis-^ Rapid  nlief  undfr 
i^aliztd  faradisatiaH  arid  ^ahHiniza/iffn^ 

Case  LXXXfV,  —Mr,  U.  C.  It  ,  a  gentleman  over  60  yeirs  of  age,  a  prominent 
editor^  was  reft-rrfl  tn  us,  Novenibcf  20»  1873^  by  Dr.  C.  L,  MitcheiL 

The  only  symptom  of  whigh  the  patient  complained  wa<:  a  numbness  of  the  last  two 
phalanges  of  tlie  right  index-finger.  The  cicctro'sensibility  was  so  much  diminished 
that  a  sitrong  faradic  current,  which  on  the  third  phalanx  and  all  the  other  lingers  of 
the  hand  was  intolerable,  was  but  little  felt  on  the  last  phalanx,  and  caused^  indeed, 
rather  an  agreeable  wn^ation.  The  jcsthciiomcter  also  iudicated  ijreat  anastfiesii. 
The  musclca  all  responded  well  to  the  will  And  to  electricity.  The  symptoms  had 
exi&ted  about  two  wcck^  and  hail  come  on  gradually.  There  was  no  evlJeace  of 
cerebral  dlfhculty  or  of  spin&l  sclerous ;  in  all  other  features,  except  the  numbness^ 
uid  a  alight  feeling  of  weaknesSp  or  rather  of  aervousnesi  in  the  arm,  the  patkent  it 
welL 

At  that  stage  there  wax  no  tiagling  or  pricking  setuatlon,  no  neuralgia,  and  no 

We  made  the  dlagnoius  of  lacipient  writer's  cramps  partially  by  exclusion,  and 
partially  by  the  postive  symptooiA  of  numbness  aud  weakness  in  the  parti  couccnied 
in  «vr>Ling, 
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Fsridltatbii  with  spomBes  and  the  metallic  brush  g«*e  itomeiiJate  relief;  tht  fir* 
Eicnng  did  much  loward  reMoring  ihe  Aen!;aiic»n.  In  nine  days  five  applicai  iom ; 
only  the  last  phalvuc  of  the  mden-Angcr  i-emained  anxstlielic.  Thi«  part  «u  obfCi- 
mtt  tbroughoutf  tipecidLlly  on  tlie  very  tip  of  the  finger. 

The  pntjent  now  felt  tlmt  be  was  well,  and  closed  bis  ¥iutt>  ctlU  wotkb^  as  usul 
with  hh  p^D  OS  hard  as  ever  almost  all  day  ioag, 

December  jlh  he  rftumtd^  with  a  rttum  of  the  symptonis  of  nuniboes^  comply 
cated  with  pricking  uid  tingling  seiuatioafii  neur%lgi»  of  the  araia  and  great  dchilicj. 
Long  writing  caused  great  uneasiness. 

Ahs&luu  r*ti  froo)  u-riling  was  dow  demanded,  and  the  patient  obeyed,  RiU  VBa% 
his  brdji,  but  employing  a  tccrclciry.  Again  he  bt^an  to  inipravc  under  pcripboil 
faradiution  and  goJvaniiauoo,  and  galvanisation  of  the  upper  part  of  tbe  ijhdc  and 
ecrvicai  sympathetic 

Jinuafy  i,  iS73»  he  was  very  much  better — indeed*  nearly  weU.  That  day  he 
ilippcdr  and  fell  down  the  fitcp&  of  his  hoti«|  and  struck  on  rbe  bAnil  And  shcmlder  of 
the  afiecied  arm.  The  shock  lamed  hicn  greatly,  and  caused  for  a  long  tiflke  ulQaok 
and  much  pain  of  the  shoulder. 

The  ctectrical  treatment  was  renewed,  Jtinua^  14th,  and  continoed  every  othcf 
day  during  the  montli,  with  atttiifactory  results.  The  enforced  rest — for  ibe  pLtwiit 
was  ooufined  to  (be  house — co-opeiated  with  the  electrical  ireaimenL 

TarticMs  (Wry-ne^k\ — This  familiar  disease  consists  in  a  spa^  of 
the  muscles  of  the  neck,  by  which  the  head  is  drawn  to  One  side.  Tbe 
spasms  may  be  tonic  or  clonic, 

Although  the  pathology  of  the  disease  is  obscure,  it  is  yet  quite  clear 
that  it  is  of  a  nervous  character.  More  than  by  any  other  cau&e,  it  u 
broi3ght  on  by  excessive  mental  labor  or  anxiety.  The  s^'inptoms 
usually  come  on  gradually  ;  the  muscles  of  the  neck  on  the  side  toward 
which  tlie  neck  is  turned  are  sometimes  flabby  and  atrophied,  and  the 
muscles  on  tlie  otlier  side  are  hard,  lumpy,  and  enlarged.  Frequentiy 
the  deeper  muscles  of  the  neck  are  involved,  as  well  as  the  stemo' 
cletdo-mastoid  and  trapezius,  The  spinal  accessory  nerve  would  ftp- 
pear  to  be  at  fault.  The  condittoti  is  really  a  kind  of  ^'•partial  eh^t&*^ 
analag0us  to  writer's  cramps  facial  spasms^  spasm  0/  the  tyeiidj  and, 
like  all  these,  is  usuaUy  very  obstinate,  except  in  the  mild  form  and 
early  stages.  T/u  iiisease  is  freguenily  brought  on  by  txiitem^f^  pr 
ntorry, 

/Jid^^'jij',— The  disease  shotild  not  be  confounded  with  ctmnnoa 
stiff-neck  that  is  caused  by  rhetiniatism  of  the  muscles  of  the  neck  and 
is  analogous  to  lumbago.  In  stiff-neck,  which  usually  yields  to  far«4i« 
cation  like  other  forms  of  myalgia,  the  head  is  kept  from  moving  by 
the  pain  which  movement  causes.  Diseases  of  spine  and  diseases  of 
the  brain  sometimes  produce  tonic  spaanos  of  the  muacles  of  the  neck 
that  resemble  torticollis* 
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EUcirte  Examination.  —On  the  affected  side  •  the  muscles  sometimei 
exhibit  increased  electro-imiscular  contractiKty  and  sensibility.  On 
the  other  side  the  electro-iyiuscular  contractility  is  sometimes  diitiin 
ished. 

Treatment. — Galvanization  of  the  muscles  of  the  affected  side  witli 
mild  currents,  and  faradiaalion  of  ihe  muscles  of  the  other  side,  galvani- 
zation  of  Che  sympathetic  and  cervical  spine,  are  the  methods  that 
should  be  tried  in  this  disease-  They  may  be  tried  simultaneously  or 
in  succession. 

Protracted  application*  are  not  ordmarily  indicated  m  this  affection. 
General  treatment  is  only  required  when  the  patient  is  debilitated. 

In  connection  with  the  use  of  electricity,  the  hypodermic  injectloii 
of  morphine  and  coimter-irritarion  of  the  cervical  spine  by  blisters,  and 
n:iechanical  contrivances  for  keeping  the  head  in  position,  liiay  be 
tritd. 

Prognosis^ — In  the  early  stages  torticollis  may  be  relieved  or  cured 
by  electrical  treatment  alone.  After  it  has  been  established  for  a  num- 
ber of  months,  it  becomes  one  of  the  most  intractable  of  diseases. 
Even  when  relieved  by  treatment,  it  is  much  disposed  to  relapse.  No 
case  should  be  abandoned  until  both  galvanic  and  faradic  treatment 
has  been  thoroughly  tricd^  ^ince  it  is  the  only  method  of  treatment  that 
offers  even  any  hope  ;  and  the  physician  should  not  be  discouraged  if 
the  symptoms  appear  to  be  aggravated  by  the  first  few  applicaiions,  bu! 
should  reduce  the  strength  of  the  current  and  the  length  of  the  stances. 
The  same  remark  will  apply  to  analogous  diseases,  such  as  writei'a 
cramp  and  facial  spasm. 

Ttrtkollis  o/iang  HandiHg,  brought  <m     fiptr-tOHjiHtm^i  anJ  anxiety — S&mr  rt* 
lit/ frifm  faraditatian  and  galvamtttlien. 

Case  LXXXV,— Mr.  K  ,  age<l  40. was  sent  lo  us  June,  1S70,  by  Df.  Willard 

Parker.  For  several  yenrs  before  the  attack  uppcared  he  had  been  in  his  usual 
liealih,  but  htkd  been  severely  eonlined  and  mudi  distrescd  by  the  cares  of  business. 
The  symptoms  appeared  graduall)' ;  they  were  «t  first  siifiht,  and  opiy  developed 
their  full  force  after  uveral  weeks.  When  we  first  saw  htm  he  hud  been  suffering 
for  w vers!  months.  His  face  was  almost  oOD^tanUy  turned  toward  tbe  left  !iide> 
On  tbe  opposite  tide  the  uemo-cleido  muscle  was  considerAbly  hyperirophied,  and 
00  ^he  olher  flabby.  The  position  nf  hi*,  face  ond  the  viulcnee  of  the  cranip  were 
mach  dependent  on  mentAj  influences,  being  a^^avnted  by  exhau^tton  or  worry. 

£.£i£tru  examtHaiion  showed  incrcaac  of  cicctro*tnuaciilar  contractility  in  the  fiJ- 

*  It  diould  be  considered  that  tbe  stemo-dcido-mastoid,  as  it  puUs  tt>e  hack  of  tht 
kiad  tawartt  the  shsmMitri  turns  the  fa£i  in  an  fifpaiUi  JirttiioH.  TA*  fat*  tktrt* 
ftrt  u  turnid  away  from  the  affkcttd  mvsc/t* 
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fs;jled  side,  and  dimmiition  on  tlx  api>ijsilc  sulc  (lowariU  wfucli  tKp  facv  wis  Umedl 
Caicful  cxaminjiioi)  revealed  no  evidence  uf  disease  of  ihc  veitcbnt 

TUe  patietiC  was  trmttd  i*y  stable  gtilvatit^titton  of  the  hyptrtr^^ktt^  ditJ  ^jfX  wi 

an*/  spine^  by /aradt^aiion  of  ike  fiti^by  tnmdes  ef  the  ^opfifsiU  Si4<^  and  byi^met^ 
faradization.  In  three  weeks  iherc  wn-s  positive  liut  n<it  marked  illlpru^^^^^^l^ 
Ibere  wu  decrease  of  the  hyperLru|3hy  of  the  muu:l<  ijui  some  diuuuuiioa  ol  iltf 

Tartkaliis  of  a  month's  duraticti— Rapid  rearvewy  under  iacal  ft 

Case  LXXXVI.— Miss  B  ,  aged  ao^  was  directed  to  us  hy  Dr.  W.  \S.  J»H. 

of  New  York.  A  month  previous,  she  caught  cuJd  in  tUc  neck  from  a  dr*iishi  ulut 
while  at  a  concert.  For  a  week  sub^quetitly,  she  would^  every  tew  moraeuis  la- 
volunlarily  turn  her  head  to  the  ri{;hlt  until  finally  «  became  fixed  in  llio  iw*iw». 
From  the  fact  thai  she  wav  uot  prevented  From  luraiiiy  her  hcjd,  iiinnljf  frum^ 
and  that  when  il  was  brought  to  the  pro|>cr  pjsiti<jn  \>y  faiadiJtititi  iSjcmuxlrsM 
pain  was  cau.'se*3j  wc  concluded  thai  we  had  tut  \u  deal  with  a  cummoo  >4t[I  imkrt* 
suiting  Iromi  rheumatism,  but  with  tonic  3p,3^m  of  a  nervous  characta.  Ttem»de| 
of  the  neck  on  the  side  towards  which  the  head  was  lumed,  liad  appreciably  ^f"t**^ 
while  un  iKe  opposite  aide  they  were  hard  and  eiilargcd.  These  latlci  oiuxiacu 
hibitcd,  as  usual,  increased  electro- muscular  canifacliht^,  while  on  the  xy^^- 
towards  which  the  head  was  turned,  contractdity  wa&  diminislied.  The  ab^fC  }^ 
nomena  rcpfescnt  fairly,  we  chinic,  what  are  usiiaily  observed  in  the  carheT4i>50irf 
the  disease,  and  the  following  Irealutent  is  Ivpical  of  what  wc  hnre  surcev^fttHy 
ployed  In  a  numlier  of  »imtlar  ci'»c5.  At  each  fitting,  llie  mn*ctcs  of  ihe  left  ^ 
tthtfse  that  were  large  and  prominent)  were  suhmiiicd  to  mild  ^jalvaiiuiiinn  U » 
uLomcnt  or  so,  while  the  contracted  itefno-cleido- mastoid  TnuM,ic  of  the  iighi  *^ 
towards  whlcli  the  head  was  inclinetl,  was  fara^il/ed  wjtlj  siifhcienl  force  Iocuki 
relaxation  oF  muscular  fibre,  allowing  tbe  head  to  turn  gradually  to  its  natural  jvi* 
lion.  Upon  removing  the  eleclrodes  after  the  current  had  (Kissed  sevml  miniti^V 
the  head  would  retain  its  position  without  the  con^ious  aid  of  the  pAtcnt**  *^IL 
After  an  interval  oFsonie  five  minutea,  it  would  again  turn  lo  the  rij^hl.  The  jatJ** 
rapidly  improved,  and  aFler  two  months  of  trcalnienl  had  t^nite  recovered. 

Paraiysh  Agit<tns  [Shaking  Palsy), — There  are  iwo  kinds  of  shifc 

iiig  i>aJsy  ; — ■ 

I  St,  Thdse  with  i>rgnnk  iesiant. 

Sclerosis  of  some  form  is  the  pathological  stale  thai  usually  give*  n*e 
to  llie  symptoms  of  shaking  i^alsy. 

ad.  Those  where  no  lesion  can  he  Hhecvcred, 

These  are  usitally  styled  functional.  aUhough.  Iilte  hysteria,  ihfvmaf 
be  supposed  to  depend  on  some  niolecwlar  derangements  which  v\ 
not  revealed  to  the  microscope. 

The  disease  tiiay  be  local  or  general ;  it  may  attack  one  Uoflb, 
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lower  Jaw,  or  all  four  extremities,  It  is  most  frequent  in  ihe  aged,  but 
is  sometimes  observed  in  middle  Iife»  or  in  the  young. 

Treatmtftf. — Central  galviinization  and  general  faradization,  foi 
general  effects,  may  be  used  in  shaking  palsy  benefit.  The  best 
results  have  been  obtained  by  galvanization  of  the  spine  and  sympa 
ihetic  and  brain. 

Prttgnosis. — Cases  where  all  the  limbs  are  affected  are  never  cured 
by  any  method  of  treatment,  especially  in  the  aged.  Cases  in  which 
only  one  limb,  or  one  upper  and  one  lover  limb,  are  affected  are  some* 
times  benefited,  and  in  rare  instances  cured.  Temporary  relief  can 
sometimes  be  obtained  where  no  permanent  benefit  results.  The 
tremor  of  the  limb  is  sometimes  abated  or  completely  arrested  for  one 
or  more  hours  after  the  application  either  of  general  faradizatwn  oi 
^aivanizatton  of  the  spine^  and  in  rare  cases  entire  recovery  occurs, 
Dr,  Russell  Reynolds  has  reported  a  cure  by  the  galvanic  current-  Re< 
cently  Jules  Chiron,  of  Paris^  has  published  the  resylts  of  galvanization 
in  7  cases.  Of  these  2  were  cured  ;  a  were  much  improved  \  and  j 
were  much  improved  in  their  general  condition,  but  not  in  the  tremor. 

A  eofi  9/ fia/jy  aj^ttsttr  a^toaaf^i  with  sfiatimifk  musfular  eontrmiion  and  Hettrai- 
fit  fiains — Afif^raximate  rtlitf  from  £<tntrai  galvanitation  and  general  faradiui' 

Ca^1£  LXXXV^IL  —  Mff.  M.,  aged  50,  applied  to  as  for  the  r^icF  of  a  disorder  of 
which  the  following  were  the  main  iymptomi.  These  ^mptoms  bad  been  ulincnt 
conftnnt  (I'lr  more  lhan  Rflecn  monlK*:— 

Tl^e  pntieiiE  was  so  exceedingly  feeble*  that  a  of  a  few  hlocks  caused  complete 
exhaust  ion. 

Neuraljfic  pnins  in  ihc  Tace,  right  arm,  and  side,  were  constant  Although  varying 
in  intensity.  Sometimes  the  d lustre was  for  hour^  mosi  excruciating,  luit  then  an 
interval  of  rest  would  occur  in  which  the  pain  was  barely  appreciable.  Pain  along 
the  spirtc,  bul  no  ttndemessto  pressure.  The  most  annoymg  wfn]ilOttis  were  frequent 
spasmodic  con (racl ions  of  Ihe  wiusctes  of  the  neck,  while  a  cDnstint  ami  incci^sant 
trembling  of  the  hands  during  the  waking  hours  made  with  the  rc^it  n  complipation  oF 
symploma  that  pointed  to  structural  change  of  the  uprper  portion  of  the  cord.  Ct\\- 
Iral  £B.|vanizjitinn  was  in  this  case  alternated  with  general  fura/ljiEation^  ^so  faj*  as 
the  vpasm^tdic  contraction&  of  the  muscles  were  concerned^  the  efleci  was  imm&liate, 
being  followed  by  complete  amt  permanent  rclier. 

The  neuralg;ia  was  gra^lually  dispelled,  and  the  trembling  or  shaking  in  the  course 
of  two  months'  ireatmtnt  so  benefited  as  to  be  hardly  noticeable.  During  the  sum* 
Bier  that  followed,  the  patient  w*s  almost  entirely  free  from  every  unpleasant  symp- 
tom. 

UtiiJttttral paralysis  agitam  im  n  man  ni^ed  ii^ty yean — yery  decided  atittfiati^nfijf 
CAiiE  LXXXVIII.— Mr  Jamea  A.,  aged  nxty  years<    SafFcring  from  uniLateral 
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fuhy  ogitnnsof  the  left  side.  Was  placed  under  oar  care  by  Dr.  Andrew*,  of  LTcka, 
Augii&t  J,  1870. 

The  hrtt  symptoms  of  this  disease  became  manifest  in  October.  iS6g^  utd  grada 
ally  increased  in  severity  until  January^  1S70,  since  which  time  there  bad  been  m 
appreciable  af^ravation  uf  liis  cnndilion.  The  patient  was  &  mechAnic^  occujTted  «l 
m4»s[  const^tly  in  filing  saws^  and  it  was  his  ^rm  impre^on  that  the  peculiar  lafla 
f^Rce  transmitted  to  the  dord  by  the  steady  scrape  of  the  RIe  was  ajn  important  factoi 
in  the  production  of  the  disease.  However  thii  may  be,  it  was  certain  that  he  w«t 
now  unable  to  use  his  file  a  moment  without  causing  mo&t  disagreeable  frelingi,. 

We  cKayed  a  few  applications  of  general  faradiEaiion«  but  as  it  diJ  not  seem  10  al 
lay  any  of  the  disagreeable  features  of  the  disease,  we  re&orted  to  central  galTznia 
tioiu  After  a  few  applicatioiia  to  the  brain,  sympatlielic,  and  spinal  curd,  the  speecK 
whi(.h  WAS  decidedly  affecled,  so  that  he  stuttered  and  hesitated  in  erery  tSStitt  to 
talk,  became  perfectly  nnrjnalj  and  he  was  no  longer  annoyeiJ  by  it.  For  nuui) 
months  he  had  lieun  unable  to  sleep,  unless  lying  on  the  hack  with  the  arms  presvea 
to  the  »de.  In  four  weeks  he  wa&  able  to  sleep  with  perfect  comfort  in  any  podr 
tirtn, 

The  patient  remained  under  oWi-vat Eon  ^wme  tliree  months,  and  receiTed  in  all 
nbtiut  twenty-five  a^iplications.  He  imprnved  in  Ids  gencrat  condition  very  decidiedlyi 
the  arm  nnd  1^  became  much  stronger,  and  tiie  sinking  mavements  decrcued  in 
severity  at  least  fifty  per  cent-    Further  than  this  wc  were  povrrleas  to  assist  him. 

Asthma, — Asthma  is  one  of  the  candittons  for  which  it  would  be  stip- 
|)Oscd,  £i  priori^  that  electrisation  might  be  of  service ;  and  yet  tht:  pubttshcd 
records  of  successful  treatment  are  not  very  ejttetisive.  One  of  iht 
earliest,  if  not  the  very  earliest,  experimenters  in  this  departmetit  was 
Dr.  Wilson  Philip,  who  began  hts  researches  in  electricity  in  the  early 
part  of  this  century.  "  By  transmitting  its  influence  (galvanism)  from 
the  nape  of  the  neck  to  the  pit  of  the  stotnach,  he  gave  decided  relief 
in  every  one  of  twenty-two  cases,  of  wiiich  fotir  were  in  private  practice, 
ftiul  eighteen  in  the  Worcester  Infirmary.  The  power  employed  vaiird 
truin  ten  to  twenty-five  pairs."  The  treatment  which  is  theoreticaljy 
indicated  is  galvaniZcLtion  of  the  pneumogjastric  and  syinpiilhctic, 
Benedilit  mentions  a  case  successfully  treated  by  this  method- 

The  methods  we  employ  in  asthma  are  galvanization  of  the  pneu- 
mo^astric  nnd  cerebral  galvanization,  and  usually  with  temporary, 
ihini^b  not,  as  a  rule,  with  [permanent  benefit. 

The  faradic  current  is  somotimes  effective  in  aflfording  temporary 
relief  after  faihire  of  the  constant  ctirrent.  In  several  cases  that  have 
falli'U  under  our  observation  persistent  faradization  of  llie  chest  and 
neck  ha&  been  followed  by  marked  relief. 

«|«MflM  4/  thi  tt  moufhj'  stAndiag — Apparent  reamtry  under  lotdHxtd galvanhatum. 

l'\^K  l.XXXIX- — Ann  M.  C,  treated  at  DemiU  Dispeniioty,  b.n|  Iw  fifsl  attack 
w(  ««lhinM  three  months  before  sccttin^  electrical  treatment.  Every  few  days  thereafter 
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a  pKflxTnn  of  considerable  severity  wantd  pTostrflte  ber  Bcfcie  the  onset  of  Ihe 
atlack  she  invariably  experienced  a  cold  sen-s^itioii  l:«twecrv  the  shoulders.  The  d 
pectofation,  which  soon  els  hhc  can  throw  oiT  aflbrds  relief,  had  the  appearance  of 
boiled  starch.  The  smell  nT  cooking  always  hastened  na  attack.  The  patient  wu 
treMCil  from  May  tS»  iSji,  until  June  ryth,  by  th«  method  of  locolijKd  galvanization, 
when  she  was  diajiai^ed  apparently  cured. 

Aii^ma  0/  many  ytar^  s/an^htg — Dedd^'-d  temp&rary  rtlUf  from  hcaS  faradt%a- 

Casr  XC— June  30,  1871,  vfc  treated  an  old  (^rttleman,  a  paiicm  of  Dr.  John 
Metcalfe,  for  a  chronic  asthmatic  difficulty  of  many  years'  standing.  He  was  sul^ 
mitted  mostly  to  galvanization  of  the  ^eaC  sympathetic,  pnenmo^stric,  and  phrenic 
nerveij  but  (he  onty  Jecided  relief  obtained  was  from  simple  firaclizatjont  the  ]x>5itive 
pole  bein^  pUcKl  at  the  back  of  the  neck,  and  the  n^ative  just  above  the  sternum. 
This  method  caused  a  moM  pleasant  relief  (rom  discomfort  on  awakening  At  night. 
No  (WTRianent  benelit,  however^  was  afforded  by  the  treatment. 

Mustuiar  Cmtraettons. — These  may  arise  in  hystena,  in  ttiyelitis, 
menmg'tEis,  and  spondylitis^  diseases  of  the  cerebrum  and  cerebellum, 
or  they  may  be  of  a  reflex  character.  They  exist  sometimes  in  neuritis 
or  rhcnmaiism. 

The  treatment  consists  in  peripheral  galvarvization  or  faradization  of 
the  afil'ctpd  mtiscles  or  of  their  a-ntagonisu,  with  stable  currents  and 
galvanization  of  the  head,  spine,  and  sympathetic,  according  to  the 
special  indications. 

The  prognosis  is  usually  unfavorable  for  all  except  the  rhetimatic 
cases. 

Pacini  Spasm, — This  affection^  which  is  not  iinfreqitent,  is  usually  very 
obstinate  agait^st  all  treatment.  The  rrcatment  is  galvanization  with 
the  spinal-cord-mtiscle  or  nerve-muscle  currctit.  Recent  cases  may  be 
cured  by  the  application  of  the  galvanic  current  to  the  branches  of  the 
fifth  pair.  Long-standing  cases  may  be  temporarily  relieved,  but  arc 
rarely  permanently  cured.  Remak  reported  success  even  after  the  con- 
dition was  very  chronic 

Dysphagia  from  Spasms  0/  ihe  Pharynx* — This  symptom,  though 
sometimes  the  restilt  of  organic  central  disease,  is  not  unfrequently  of 
a  purely  spasmodic  character,  atid  as  such  is  amenable  to  electric  treat- 
ment, either  by  external  or  internal  applications.  The  method  we 
adopt  for  such  cases  is  to  place  one  pole  on  the  br^ck  of  the  neck  and 
the  other  jtist  above  the  sternum,  or  by  the  inner  border  of  the  stemo- 
deido-mastoid  muscle.  If  this  method  fails,  internal  applications  may 
be  made,  by  means  of  a  catheter  shaped  electrode,  against  the  constric- 
tors of  llie  pharynjc  Some  cases  yield  with  surprising  readiness  to  m- 
3^ 
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tcmal  treatnieiit.    Cases  dependent  on  central  disease  are  tisuftlly  qiutc 

relK.-Ilious, 

A  case  of  this  kind,  in  which  the  food  was  retnmcd  through  th** 
mouth  or  nose,  was  cured  by  Hiflfelsheim  by  galvanbatioti, 

HeflTeisheini  has  recorded  a  case  of  excessive  and  ob&linate  vomiting 
that  was  cured  by  five  apjiUcations  of  the  galvanic  current  to  the 

pneimiogastric 

I^sfhagia  from  spasmodu  acfian — Rtf^tery  J'rom  !xaIHeJ  /araJiiation^  tvicr  rf 

Case  XCI  —An  old  lady,  aged  nearly  70,  was  sent  to  us  by  Df.  Fordyce  Bar- 
ker.  Slic  Iitui  for  some  month>i  bccii  aniioyetJ  by  much  diffitully  in  tiic  ju-l  of  $.wal- 
lowing,  and  was  apprehensive  of  fiuiTucaiion  on  Account  of  ihe  lendency  of  fixxi  lo 
in  the  CHopha^s.  Lt>C!ili2ed  fcurarjiiation,  rep«at«d  twice,  completelf  fclio'o} 
*Jie  spasmodic  tendencyr  and  enabled  ihe  pauent  to  eat  wilhout  fear  of  consequenco^ 
So  fur  OS  we  are  nware  the  relief  was  pemmncnL 

Sitiguitus  {HiccoTigh), — This  syniptoni.  when  it  becomes  |>emiancmli 
annoying,  may  be  treated  by  galvanization  of  th£  tympaihetic ami pntu 
mogastric.  We  have  treated  tn  this  way  two  very  obstinate  cases  wish 
out  benefit. 

7>/fT«wj,"Dr.  Mendel  has  reported  two  cases  of  tetanus  successfiilU 
^■eatcd  by  the  galvanic  current.  He  used  various  methods  of  applic* 
tion,  central  and  peripheral.  Immediate  relief  followed  each  a])|ilica 
tion. 

The  conclusions  at  which  he  arrives  from  his  cases  arc  that  a  mill) 
current  shouU!  be  applied  to  the  affected  innscles,  without  regard  to  the 
direction  of  the  current,  although  the  positive  pole  should  be  ap|)1ieJ 
to  the  antagonists. 

Hydrophobic.  — The  disease  is  so  rare  in  its  occurrence,  and  so  rapid  m 
Its  course,  that  electrical  treatnaent  even  by  its  most  imperfect  ujethods, 
has  had  almost  no  chance  to  be  tested.  The  sxiggestions  that  wc  have 
to  offer  are  therefore  of  necessity  based  on  rhcory  and  analogy,  ami 
experience  in  the  treatment  of  other  and  more  or  less  allied  diseases. 

The  best  method  of  using  electricity  in  a  ca^e  of  real  or  simutated 
hydrophobia  would  be  to  place  the  negative  pole  of  the  galvanic  current 
at  the  pit  of  the  stomach,  and  apply  the  positive  successively  at  the 
top  of  the  headf  the  nape  of  the  neck  {€£niral  galvanization)^  over  the 
region  of  the  ptieumogastric,  and  down  the  spine.  If  ihc  galvanic  cur 
ret^t  cannjt  be  obtained,  the  faradic  (electro^magnetic)  might  be  tried, 
althongh  it  would  probably  be  less  etBcacious.  Mild  or  moderate  cur- 
rents would  be  likely  to  do  more  good  than  very  powerful  currents,  aod 
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t^ere  should  be  interniisiiions  in  the  trt^atment.  During  these  inter- 
missions ice-bags  iiiigln  be  iipj»Ued  to  th..  sj>ine.  We  should  not  expect 
that  this  treatment  would  cure  real  hydrophobia,  but,  if  faithfully  used, 
it  would  greatly  rcbrve  the  liorrible  agonies  of  the  disease,  and»  eithei 
alone  or  in  connection  with  other  treatment,  would  be  likely  to  prolong 
life.  Electricity  has  never  yet  had  a  fair  triaJ  in  hydrophobia.  Schi. 
vardi,  who  kept  one  of  his  patients  alive  several  days,  used  only  a  par- 
tial and  imperfect  method,  and  no  other  treatment,  so  a&  i^  known, 
has  been  so  successful. 

Hydrophobia  is  otie  of  the  very  few  diseases  in  which  it  is  better  lo 
Qse  electdcity  blindly  and  imperfectly  than  not  to  use  it  at  all.  There 
are  two  considerations^  however,  that  are  somewhat  discouraging  : 

I.  The  spasmodic  affections  that  most  closely  resemble  hydrophobia 
and  with  which  it  is  sometimes  confounded — epilepsy,  tetanus,  etc. — 
do  not  yield  readily  and  iierniancntly  to  electrical  treatment-  Great 
benefit  can  be  derived  from  a  proper  use  of  electricity  in  epilepsy,  but 
very  rarely  a  permanent  cure* 

i*  To  get  the  befit  results  of  electrical  treatment  time  is  necessary, 
Sive  in  the  resuscitation  of  the  drowned  or  asphyxiated,  and  the  tem- 
porary relief  of  pain,  electricity  accomplishes  its  great  c;ires  slowly. 
Hydrophobia  runs  its  course  raindly,  and,  in  its  incipience*  is  not 
usually  recognized.  The  only  hope  that  real  hydrophobia  could  be 
cured  by  electricity  rests  in  the  possibility  that  it  could  relieve  the 
symptoms  and  delay  death  through  its  powerful  sedative  influeiicc,  so 
that  there  would  be  more  time  lo  act  upon  the  nutrition  of  the  nerve- 
centres  either  by  a  continuance  of  the  electrical  treatment  or  by  other 
methods.  There  is  reason  for  the  belief  that  some  at  least  of  the  cases 
of  so -called  hydrophobia  are  of  an  hysterical  chitracter — arc  brough  t  on 
by  fright  and  dread*  The  only  safe  course  is  to  treat  such  cases  as 
though  they  were  genuine  cases  of  hydrophobia.  The  most  brilliant 
results  of  electrical  treatment  are  obtained  in  hysteria  and  allied  di- 
seases, and  notably  in  hysterical  convulsions,  and  it  is  quite  probable 
ihat  the  hysterical  symptoms  of  hydrophobia  would  yield  to  the  same 
remedy.  The  result  of  the  treatment  would  help  somewhat  the  diagno- 
sis. If  tlie  patient  entirely  recovered^  the  probability  that  the  case  was 
of  an  hysierial  nature  would  be  strengthened  almost  into  certainty. 
Inasmuch  as  one  or  two  of  the  recent  cases  were  probably  in  part  hys- 
tcricaU  And  as  the  discussion  of  the  subject  has  caused  our  sensitive  and 
highly  nervous  people  to  dwell  on  this  dreadful  topic  day  and  night,  it 
is  not  impossible  that  other  cases  of  a  like  nature  may  occur. 

Siammi-ring. — -Dr*  AJthaus  succeeded  in  curing  a  case  of  stammenng 
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of  five  years*  standings  in  a  lad  nine  ytiars  of  age,  by  I  he  application 
the  galvanic  curreiiC  to  the  laryngeal  nerves<    The  jtppUcatioos  wvit 
made  twice  a  week  for  two  months. 

Epilepsy. — Epilepsy  is  one  of  the  diseases  for  which  eleciriciiy  in 
some  fonn  or  otlicr  has  been  used  for  many  years,  though  with  r&lhef 
uiicenaiti  and  capricious  resuJts.  The  method  of  treatincm  that 
prouiises  most  in  this  disease  Is  central  galvanization.  Another 
method  is  to  place  one  of  the  poles  over  the  point  whence  the  aura 
proceeds,  -and  tlie  other  over  the  nerve-centre. 

Temporary  rehef  can  be  oblataed  in  very  many  cases  uf  epilepsy  by 
electrical  treatment.  The  intervals  between  the  attacks  can  ^e  greatly 
lengthened,  and  ii^  a  certain  proportion  of  the  case5  the  results  are  be- 
lieved to  be  permatiL-iU, 

Petit  mat. — Mat  kid  temper aty  retu/  fr&m  gtnerat  far^idUatian  sttd  gMtuanaoiiam 

CASE  XCII.— In  one  case  of  "petii  mri5,"  atciiriitiig  in  a  boy  same  13  yar%  of 
age,  the  bromide,  given  in  doses  of  10  gri  Jhree  tim«-s  k  day^  a.cted  channingly.  The 
paroxysms,  which  for  nearly  (wo  years  had  occurred  from  ^  to  ten  times  a  day,  were 
immeOiatcly  reduced  lo  one,  two,  and  three  in  the  twenTy-four  hours. 

TJiis  improvement  wa&  manifest  for  nearly  a  munlh^  when,  notuith'^tanding  the 
incrca^eiJ  doses  of  bromide,  the  paroxysms  gradually  increased  ui  frequency,  uitiU  ibc 
pntiei^i  was  rendered  uncoQ&cious  by  ihem  as  often  as  before.  We  now  resorted  to 
gen<TaJ  eiectiiuLion  willi  tlie  faradic  current,  nad  occasicitially  lo  gaJvaniutian  of 
Ihc  sj^patbetic  Singnlarly  enough,  the  results  that  foUnwcd  were  subsianlialJy  \}yt 
same  as  those  obtained  froTii  the  arlruinistratlon  of  the  bromide  of  potft^iam.  For  ■ 
few  weeks  the  frequency  of  the  epileptic  seizures  was  reduced  to  one  ftnd  two  a  Eioy, 
«hen,  natMr-ith^tandinf^  every  elTort,  there  was  a  second  relapse  to  his  old  condiciij>o. 

The  hoy  evidently  iuherited  a  very  decided  nervous  diaiiiesis^  but  the  excittag 
ukUK  of  the  attacks  was  ascribed  to  a  severe  (all  aotne  weeks  before  the  maalfcitaiiou 
of  Hie  5rst  paroxysm, 

B^ltpsy  0/  iletvH  years''  standitig^Pfriodieal  aftaeJb — tmprmfi^ni  in  slttp  amd 
mtni&i  fandttian,  and dimiHUtioH  of  attaiks  under  gtntral  faradivUi^n—^l^ctkimg 
/urthtr  gained  gahmmvAti&n* 

Cask  XCIII.— W.  H.  V,,  a  lad  aged  i6,  be^  first  to  suffer  from  epileptic 
•eijcures  when  hut  ^ve  yean  old* 

For  the  first  fire  years  the  atlacki,  consisting  of  a  number  of  fits  in  mpid  succe^ 
son,  occurred  every  5ve  or  weeks.  From  bis  eighth  to  bis  fifteenth  year  iJie 
paroxysms  increascil  in  frequency  and  severity,  undl,  at  (he  date  of  bis  vImi  10  us^ 
the  attacks  recurred  every  wccL 

It  was  a  noticeable  fact  that  for  the  last  year  the  patient  had  almost  innriablf 
mfTered  from  these  epileptic  seixures  on  Saturday. 

The  boy  had  grown  f^n&il  ly  weaker  t>oLb  in  mmd  and  boJy,  and  was  excccsiTdf 
ffrilable  and  capricious 
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Treatment  wai  comnienccd  by  gcneml  raradi2aLio%  with  special  reference  to  the 

Umiet  liiia  u  t^atment  sleep  l*ecaiuc  more^ouml  and ^efre^hing,  and  the  mind  calmer, 
while  ihc  xi'mil  paroxysm  was  detayed  liuiil  the  Tfjur-iday  followinp  ihr  rcyulor  time 
for  Its  recurrence.  The  general  condition  of  the  puiieiu  conuhued  ta  improve^  amd 
A  second  atuck  was  delayed  four  weeks.  He  rcmnini-d  utiJer  ob&crvatlon  somi 
inaiitlis  loQ^er,  havLog  a  paroxysiD  ffar  less  severe,  however,  than  furmerly)  A-bout 
every  fuiir  weeks.  The  giilvanic  curreut,  variously  used,  seemed  to  accotnptbh  nollv 
ing  thai  had  ivn  already  been  obtained  by  tbc  faradk.  The  au;p  soon  after  passcti 
from  our  caxe,  and  whether  relap»c3  have  occurred  we  have  not  been  able  to  uc&' 

Epilepsy  i?f  Jive yearf"  sUnding—AppQrmt  recovery. 

Cask  XCIV.  — Miss  W.,  ajjed  30,  cinie  ti>  us  Novemlier  4,  1876.  with  the  follow- 
ing hiaoiy  :  In  Ihe  early  part  of  tS72  ihe  had  licr  fiisil  uliuck  in  the  iiitjhl,,  while 
miecp,  hut  t^i  a  year  previous  had  occa^iions  of  being  in  &  da^ed  condition  withgre«t 
confusion  of  meinary. 

It  is  as  well  to  state  that  there  hud  been  all  aloiij;  in  her  case  a  strong  hysterical 
element  tiiat  15  frcqueu'ly  a^ravated  by  surrounding  Influence^. 

The  auacks  lor  awhile  occurred  onje  hi  about  seven  weck&,  and  further  on,  in- 
s-tead  of  a  &iii[^le  lurojcysm,  i>Se  would  have  two  ai)d  sLi(nertmc<^  three  in  the  succeed' 
mg  twcnly-fc^ur  hours.  Later  still,  the  attacks  l>ci:ame  as  frcquenl  as  once  a  mouthp 
with  i>ne  or  two  longer  interval*.  We  learned  ihat  Pr.  Geo,  J.  Fisher,  of  Sing 
Sing,  bad  formerly  been  her  physician,  and,  in  answer  to  a  letter  of  inquiry,  he  in- 
formed us  that  the  patient  had  been  under  his  can;  for  a  long  time. 

Ke  had  given  her  the  hromldei^  of  polass-ium  and  soda  (of  each  to  ^t^, )  t)irec  lini^i 
a  day.  Tbi^  ^he  had  taken  Tor  several  year<h,  and  was  still  taking  when  she  came 
under  our  care.  During  the  month  previous  she  had  three  attackv,  and  was  f«linj 
certain  premonitions,  which  she  ilescribcfl,  when  we  submitted  her  to  the  additional 
treatment  of  the  electricity.  We  did  not  feel  jus[ifie<1  in  dtM^ontinuing  niedidne,  bul 
in  order  to  ^jive  her  every  chance,  t>uUstitutcd  for  it  the  formula  of  Bruun  Stquard, 

The  patient  wa^^  cuceedmely  nervous  an^i  despfmdent,  and  it  was  evident  that  if  in 
no  other  way  elewtricity  ml^ht  jirove  of  service  a%  an  adjunct  to  allay  irritability  and 
as  a  general  tonic. 

We  treated  her  every  other  day  for  three  months,  alternating  central  galvanization 
with  general  faraUizatlun.  We  then  gave  her  an  Interval  of  reM  fur  three  raonlh\ 
during  which  time  she  had  an  attack,  occurring  a  little  more  than  sin  matith^  from 
the  last.  After  a  second  three  monthi*  treatment,  we  allowed  another  interval  of 
rest»  and  agnin  treated  her  for  three  months.  She  has  not  had  a  second  attack,  and 
as  two  ycnr«  h^^ve  pa^-^ed.  during  which  she  ha<>  ha<l  hut  one  seizure,  we  are  hopeful 
of  nUiinate  results*  It  worthy  of  note  ihat  since  the  two  meibods  of  treatment 
have  been  ctiml^ined  the  bromic  acne  had  very  coi^iderably  lessened  and  at  times  u 
liardJy  perceptible. 
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OtS&ASES  OF  THE  SlU:^. 

Thkre  are  several  theoretical  considerations  that  would  lead  us  tc 
supt^ose  that  electricity  might  be  of  service  in  liie  treatment  of  disease! 
of  the  skin  ; — 

1.  Pain  and  itchingj  oltenlimes  of  a  very  distressing  character,  acooni' 
pany  many  of  the  diseases  of  the  skin,  and  of  all  the  known  methods  oT 
relieving  and  curing  pain,  electricity  is  one  of  the  most  satisfaciory.  If 
the  ai>plicaiion  of  the  galvanic  or  faradic  current  may  bring  relief  in  head 
acbcj  in  spinal  irritation^  in  the  various  forms  of  neuralgia,  in  rhcu- 
matisoi  and  in  sprains,  why  sliould  it  not  afford  sunilar  relief  in  the  tor- 
nienting  agonies  of  psoriasis,  eczema,  and  pmrtgo  ? 

2.  Utcers,  sinuses,  and  bed-sores  have  long  been  treated  by  the  gal- 
vanic and  faradic  currents,  with  gratifying  success  ;  and  it  would  be  nat- 
ural to  suppose  that  the  ulcerous  conditions  of  some  of  the  diseases  of 
the  skin  might  similai"!y  be  benefited, 

3-  Tumors  and  morbitl  growths  of  various  kinds  are  discussed  by  the 
electric  currents,  and  especially  by  the  gaivanic  current,  and  it  would  be 
reasonable  to  infer  that  cutaneous  indurations  and  hypertrophies  rntght 
be  discussed  or  diminished  in  a  similar  manner, 

4-  Those  who  hold  the  theory  that  some  t»f  the  diseases  of  the  skin 
are  of  a  nervous  origin,  or  are  in  some  way  Intimately  dependent  on  the 
brain,  spinal  cord,  or  sympathetic^  would  find  still  another  theorcticjd 
argument  in  favor  of  introducing  electricity  into  dermatology,  since 
nervu  js  diseases  have  long  been  regarded  as  /ar  txcclUrue  the  dtseaset 
most  amenable  to  electrical  treatment. 

1  he  electro-therapeutics  of  diseases  of  the  skin  belongs  both  to  midi 
cat  and  surgical  electricity.  The  tendency  in  recent  time&  has  beei. 
to  transfer  dennatology  from  surgery  to  mediLine,  and  at  present  luan^ 
of  oiir  most  eminent  dermatologists  are  physicians  more  than  surgeons* 
This  tendency  is  further  strengthened  by  the  modem  views  of  the  pathol* 
ogy  of  cutaneous  disorders,  particularly  in  regard  to  their  relation  to  the 
uervous  system.    The  purely  local  treatment  of  diseases  of  the  skin  by 


electricity  might  be  regarded  as  belonging  to  electro-surgery,  whLrtheii 
general  and  central  ireaiment  certainly  belongs  to  electro-medicine. 

Current  Employed. — While  both  currents— the  faradic  and  gaEvanic 
— have  proved  useful  in  the  treatment  of  diseabcs  of  ihc  skin*  the 
galvanic  appears  to  act  more  efficiently  and  to  fulfil  a  larger  variety 
ot  indications  Chan  the  faradic.  The  reason  of  this  will  be  suffi 
cienily  clear  to  those  who  understand  the  general  differential  indica- 
tions for  the  use  of  the  two  currents.  The  peculiar  electrolytic 
action  of  the  galvanic  current,  which  the  faradic  current  possesses  to 
but  a  lecble  degree,  is  indicated  in  diseases  of  the  skin  for  the  sarae 
reason  that  it  is  indicated  in  the  discussion  of  tumors.  Kor  the  relief 
of  the  synipLonis  of  itching  and  pain,  die  fanulic  current  is  frequently 
sufficient,  especially  in  prurigo:  its  effects  are  also  curative,  but  to  a 
less  degree  than  the  galvanic  current.  The  galvanic  current  also  acts 
more  powerfully  on  the  central  nervous  system  (see  Chapter  IV.). 

Mtthtnh  af  AppHcathn. — Diseases  of  the  skin  may  be  treated  elec- 
trically in  two  ways — by  applications  to  the  diseased  surface,  and  by 
central  galvanization.  In  the  first  method  the  disease  is  affected  direct- 
ly ;  iu  the  second  method  it  is  affected  indirectiy  through  the  nervous 
system. 

Apphtatim  to  the  Disfased  Sar/ac^. — Our  uswal  method  of  galvaniz- 
ing the  affected  part  is  to  place  an  adjustable  electrode  of  from  two  lo 
four  inches  in  diameter  over  the  point  where  ihe  principal  nerve  tliat 
supplies  the  part  is  most  superficial,— as  the  popliteal  space,  the  ante- 
lior  crural  region,  the  border  of  the  flexors  of  the  arm,  elc^  while  lite 
negative  is  applied  to  the  diseased  surface  by  any  convenient  electiode 
with  a  broad  surface.  This  is  the  method  that  we  usually  adopt  in  the 
treatment  of  ulcers.  We  are  not  able  to  say  how  much  advantage 
there  may  be  in  applying  one  of  the  electrodes  over  the  nerve*  We 
suspect  that  it  may  be  of  service  in  improving  the  nutrition  of  the  part 
that  it  supplies ;  it  certainly  cannot  do  harm  in  that  position  unless  the 
s^nce  is  very  much  prx)tracted.  One  electrode  may  be  placed  on  some 
indifferent  point,  as  the  feet,  or  the  hands,  or  on  the  thigh,  where  cur- 
rents are  bome  well  and  can  do  no  harm,  however  long  they  may  be 
kept  there.  The  electrode  is  sometimes  kept  firmly  planted  on  the 
skin  (stable),  and  sometimes  is  slowly  glided  from  one  part  to  another 
(labile).  When  the  part  is  much  abraded  only  mild  cuircnts  will  be 
bornCj  while  in  the  inimedrate  neighborhood  a  very  strong  current  may 
not  be  felt  at  a!I,  It  therefore  becomes  necessary  to  modify  the  cur- 
rent continually  according  to  the  sensations  of  the  patient,  so  that  the 
treatment  may  never  be  excessively  painful.    There  h  yet  mo  evidence 
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that  very  severe  applications  have  any  advantage  over  mild  ipplica 
tions.  The  of  ihe  galvLi.nic  current  increases  with  tht  length  o( 
time  that  iht*  electrode  h  kept  in  a  hxed  position  without  breaking  tlK 
current ;  for  this  reason  it  is  necessary,  when  strong  currents  arc  used 
to  shift  the  position  of  the  electrode  every  minute  or  so,  or  a*  ofun  u 
the  pati<;nt  complains  of  severe  pain.  We  are  not  able  to  say  whctber 
die  best  results  arc  obtaineti  by  stable  or  by  labile  apphcatioos.  I'hc 
electrolytic  action  of  the  galvanic  current  is  roost  decided  when  ihOT 
is  little  or  no  interruption  to  the  current.  When  ihc  f^radic  cmrcDt  is 
used  wc  generally  make  labile  applications. 

Both  electrodes  may  be  applied  on  the  diseased  surface.  The  ad- 
vantage of  this  method  is  that  it  economi^tes  time  and  labor  where 
there  are  numerous  and  large  patches  that  need  to  be  tieateil  Al- 
though the  electrolytic  action  of  the  negative  pole  is  greater  than  dot 
of  the  positive,  yet  both  act  electrolytically,  as  all  physicians  Iqowi 
and  both  act  curativeJy  as  experience  shows. 

When  the  body  is  covered  pretty  generally  by  disease,  we  soioetiaio 
put  an  electrode  on  each  limb,  thus  allowing  the  current  to  run  through 
the  body. 

Local  Faradizaiion  Gemrallted. — We  have  recently  applied  tlia 
term  to  a  niechoil  of  using  electricity  which  combines  the  ^idvanugo 
of  localized  and  general  faradization.  Although  we  first  used  it  n 
diseases  of  the  sktu,  it  may  be  employed  to  meet  the  same  indication* 
as  general  faradisation  ;  but  since  it  requires  absohite  or  appraiimiuve 
stripping  on  the  part  of  the  patient,  it  would  be  called  for  only  in  • 
laisittd  class  of  affections. 

In  this  method  the  operator  takes  hold  of  both  the  electrodes,  bf 
« their  insulated  handles,  and  passes  them,  within  a  few  inches  of  eich 
other,  over  all  the  diseased  surface  of  the  body.  The  electrodes  nay 
be  kept  stationary  over  spots  where  the  disease  is  especially  promi- 
Lenti  The  method  may  be  modified  in  various  ways.  One  electrofie 
maybe  kept  fixed  on  some  particularly  bad  spot,  while  the  other  is 
glided  up  and  down  the  surface  adjacent,  or  both  electrodes  may  be 
kept  fixed  a  part  of  the  time.  An  advantage  of  tJiis  method,  whic^ 
maybe  employed  with  either  current,  is  that  it  economises  time  aiw3 
labor,  a  very  important  consideration  in  cases  where  a  large  pcrtiuD  of 
the  surface  of  the  body  is  diseased. 

This  method  is  especially  indicated  in  cases  where  nearly  the  cn' 
dre  surface  of  the  body  is  affected  by  disease,  as  in  general  prurigo  and 
psoriasis.    Either  current  may  be  used  in  this  way. 

General  Faradization* — This  method  of  using  electricity  is  usuaUf 


not  indicated  m  diseases  of  the  skin,  and  for  the  reasoni  alreJ Jy  given. 
For  those  cases  that  are  associated  with  general  debility  as  a  result  oi 
cause  of  the  disease  of  the  skin,  it  may  be  employed  with  advantage, 
one  pole  may  be  applied  at  the  coccyx  by  an  adjustable  electrode,  or 
ai  the  feet  by  a  copper  or  tin  plate»  while  the  other  is  passed  over  the 
surface  of  the  body, 

Miedru  Brush. — When  the  skin  is  not  itching  or  anesthetic  the 
electric  brush  is  very  paiiifulj  and  is  therefore  to  be  recommended 
chiefly  for  cases  where  there  is  very  great  irritation,  or  itching  and 
anesthesia-  We  have  frequently  found  it  more  efficacious  than  the 
ordinary  sponge  electrode.  In  some  conditions  of  eczetna  an  applica- 
tion, which  in  health  would  be  unendurable,  is  positively  agreeable, 
rhe  distinctively  surgical  methods  of  treadiig  certain  diseases  of  the 
skin  by  electrolysis  and  galvano-cautery  will  be  described  in  Electro- 
Surgery, 

Central  Gahartisfition. — This  important  method  of  using  electricity 
we  have  recently  proved  to  be  of  great  service  in  the  Ireatnjent  of 
certain  diseases  of  the  skin,  especially  of  chronic  eczema  and  prurigo. 
Under  this  method  of  treatment  al&nc^  without  making  any  appHcaiion 
whati^er  fo  the  diseased  surface,  the  itching  and  burning  of  these 
diseases  are  relieved  sometimes  immediately,  and  under  a  protracted 
treatment  permanent  cures  are  obtained.  The  results  obtained  by  this 
method  are  of  the  highest  po^^ible  interest  in  a  |>athologica]  point  of 
view,  as  showing  a  kind  of  dependence  of  chronic  eczema  on  the  nervoui 
system  that  had  not  before  been  suspected. 

Diseases  of  the  Skin  for  whuh  EUctrkai  Treatmeni  is  Indicated, 
—Under  [his  head  we  sum  up  the  results  of  electrical  experience  up  lo 
the  date  of  publication. 

Eetema. — This  disease  we  place  at  the  head  of  the  list,  for  the  rea* 
son  that  we  have  found  more  rapid,  brilliant,  and  uniform  results  from 
electrical  treatment  in  this  than  in  any  other  disease  of  the  skin.  We 
have  treated  the  chronic  forms  in  different  parts  of  the  body,  and  in 
nearly  all  cases  thus  far  with  immediate  relief  of  the  distressing  pain, 
and  ultimate  cure  after  a  course  of  treatment  We  have  used  for  this 
affection,  almost  exclusively*  the  galvanic  current,  either  locally  ot 
centrally.  Patients  have  come  into  the  Dispensary  declaring  thai  the 
distress  is  so  great  that  they  would  be  glad  to  have  the  suffering  part 
amputated,  and  after  an  application  of  from  five  to  fifteen  minutes  have 
gone  out  entirely  relieved.  This  relief  lasts  for  several  hours,  some- 
times for  days,  and  the  pain  grows  less  and  less  until  the  cure  is  accoo^ 
^^li&hed 
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It  U  in  this  disease  especially  tlmt  centra]  galvanisation  aJi  ne,  nHthout 
making  any  application  whatever  to  Ihe  diseased  part,  has  actomplisbcd 
40ch  striking  results. 

The  following  case  illustrates  the  power  of  central  galvanixa-tioa  to  a 
most  striking  manner  : — ■ 

— Faiiure  of  variiut  rtm^iet  •Ra/>f4  retitf  and  p^rmamni  cure  und^r  temtr%^ 

Case  XCV. — Mrs,  S.  M.,  an  Irbb  ^rvunt-gn-l,  ftged  51^  was  adniiiied  Co  tbc 
Long  I&land  Collie  Hospital,  February  14,  1S72,  wtlli  cl>ronic  ecsema  of  the  left 
■.bout  the  jtJikle»  and  e:Etendiiig  ane-thinl  of  Ihe  diKtaocc  lo  Ihe  knee.  Tbc  ilcMng 
pain  were  intolerabte,  and  there  wii&  much  soreness.  The  patient  wu  iu  other 
respects  slrong  and  well,  hut  iiad  suffered  from  (his  aflecllon  by  intcrvftli  for  ei|^( 
jear£.  Four  yearn  Ixfore  she  had  been  uitdcf  treatment  at  the  City  Hospital, 
luid  been  discharged  apparently  cured,  buE  relapsed. 

The  case  was  treated  by  iodoform,  arsenic^  bkarhonate  of  sod*,  rhubwb,  earboiUie 
of  zinc,  glycerme,  cud-liver  oiii,  iodide  of  fiola^sium,  dulcutb^ri,  acetate  of  lead, 
wine  of  colcbicum,  and  acetate  of  pola&h,  These  I'ernedie*  were  variuusly  M*cd  io 
various  modification^  externally  and  inEemally.  Krom  suiite  of  these  a|;ettt»  the 
patient  derived  temporary  reUef  of  ihc  ilcliiiig  and  »oreQe&s  ;  l>ut  llic  avunge  Um) 
ultimate  eflect  was»  that  on  April  ist  the  following  reLioid  uf  llie  cose  wa&  m^de  b 
the  liospilal  book;  **  Very  painfuh  red  and  angry,  rdpidly  extending,  and  now  cotct- 
ing  nearly  llie  whole  leg  below  the  knee^  and  tnoKl  of  the  dorsal  aspect  of  tlie  foot.'* 

Ar^nic  and  tinc;urc  of  ciochon,  comp.  were  now  yrilered,  but  April  J5lh,  the 
record  was;  "  Very  mudi  the  same,"  At  thii  ttrne,  Dr.  Dnvis  suggested  iotahuA 
/aradixtvtiffn.  This  ;bitgi>estion  was  acLcd  on  with  graeUying  lesuit;  the  inteti&e  dis- 
Irew  was  at  once  in  a  mea-^nre  relieved* 

April  16th,  the  pAtieivt  wa.'^  mure  CQinfortable  than  for  a  long  titue  previous, 

April  ajd,  vejy  much  impiovetl  and  compamtively  camfortabte. 

At  this  time  Prof.  A.  B,  Croj^by,  tbe  surgeon  in  chaT|^  uf  the  ward,  rerjuested  m 
tosce  the  patient,  slating  that  she  had  been  very  obs^tinatc  under  the  variou.s  remedie* 
lliftt  he  had  trieil.  The  patient  was  sulTering  g^rvatly  from  the  Kvere  itching  and 
bumini;,  and  the  sorenefis  waa  so  ^cat  that  only  with  difficulty  could  she  hobMc 
fboat  the  ward.  The  appear.tnce  of  tiie  dt^^aKd  part  was  red  and  angry,  uul  some 
I  orttons  were  mure  ot  less  covered  by  bcalea. 

We  decided  to  try  on  the  patient  the  effect  of  rmimi  galvaniMti^n^  mUittg  ms 
appHcaiion  zishatnter  to  tht  dista^td  part.  We  were  induced  lo  make  this  trial  cm 
the  strength  of  successes  in  other  and  milder  cases  of  culaneotis  distra.^.es.  Our  chief 
hope  waSp  perhaps  to  relieve  the  itchmj^  and  pain;  a  pcrmtnettt  cure  we  had  no 
reason  to  anticipate.  As  the  patient  wa^  a  good  and  willing  tubjeet  do  uhich  to 
demod^trnle  electrica]  applirationsL^  slie  was  taken  before  the  cUu  of  the  Long  ItUad 
College  Hospital  and  treated  by  central  galvanisation,  the  ntllement  bring  mad^ 
that  we  did  not  hope  thereby  to  cure,  but  sicnpjy  to  illustrate  the  method  of  iuni| 
llectr^dty. 

The  details  of  the  applications  were  entrusted  entirely  to  Dr.  Edwiu  E.  Smitl^ 


n,  *vho  carried  oat  ihe  tiretitnient  wUh  Eneat  faithfulness,  and  to  whow 
ire  »re  imfcljied  for  tlic  fuil  history  of  the  case  as  here  presented. 

The  relief  of       ilchmg  and  pain  was  very  rapid*  altliougli  on  the  25th  Dr.  Smilt 
matic  the  following  record;  "A  liule  more  irrilable."    This  result  wts  prabnUl 
Jue  to  (net  treatnienl,  too  atrong  currently  or  too  prol9n|rcrl  spplications. 
h.^/t  7  30///.— Paliem  "  much  belter." 

Afjy  i<:^k. — "Still sEeadil]^ improving."  The  appcarante  of  the  1^  was  now fnuc!i 
changt^I  for  the  better.    The  most  ot>stmate  porlinn  wni  the  region  about  the  Ankle. 

The  applications  were  now  made  four  and  five  (imcs  a  weel<  with  a  12-celil  tine- 
carbon  Ijflitcry  of  Kidder  for  about  ten  minutes  at  a  fMn^i. 

J/dV  ^5/'^.— A  lotiun  of  acetate  of  wash  was  Drdered  by  Dr.  Crosby,  to  con* 
tract  the  cnlarijed  c.ipiUarie'i. 

y^une  ^lA — *'  Patient  i&  walking  about  out-docn  with  comparative  ease,  and  is 
nearly  welL" 

We  agnin  presented  the  case  before  the  class  of  (he  College,  demonstrated  on  her 
our  method  of  central  galvanization,  and  pointed  out  the  extraorrtimry  and  unlooked- 
for  improvement.  The  akin  of  the  whole  leg,  except  around  the  iinkle,  was  well,  and 
llie  patient  fur  el  long  time  hod  been  entirely  free  from  itching  and  pain. 

yutte  \^tk, — The  patient  was  **  di*icharged  cured." 

yati.  l^/^i  — Dr.  Smith  informs  us  that  there  has  been  "  no  recurrence  of 
the  dUhculty/*  Several  mouths  after  the  patient  left  the  hospital  we  heard  that  she 
WA%  Still  welL 

The  above  casc^  Caking  all  the  facts  into  consideration,  its  long 
standing,  its  nivtiteracy  under  manifold  (reainient,  and  the  imuiediiaic 
and  rapid  relief  and  cnrc  undt^r  central  gaJvani/ation,  is  certainly  most 
extraordinary,  and  ii  will  not  subtract  from  the  in&tructivene&s  and 
brilliancy  of  the  refiiilt,  if  in  ftiture  years  a  fresh  attack  of  the  disease 
should  occur.  Although  the  case  was  not,  so  far  as  we  know,  studied 
by  any  recognised  specialist  in  derniatology,  yet  among  ihe  very  n>auy 
surgeons  and  phjsicians  who  watched  its  progress  bt-fore  and  during 
the  electrical  treatment,  there  was,  we  believe,  no  diflference  of  opinion 
in  regard  to  the  diagnosis,  and  there  was  no  question  that  the  cure  was 
wrought  entirely  by  ccttirai  gaivanisatiotif  affing  upon  the  central 
nervous  system,  and  thus  improving  the  peripheral  nutrition*  This 
very  remarkable  experience,  which  to  some  has  seemed  incredible,  we 
have  recently  confirmed  in  a  similar  case  of  chronic  ec/ema  of  the 
legs  of  sixteen  months*  standing.  The  relief  of  the  itching  by  cen- 
tral galvaimation  alone  was  immediate,  and  after  a  few  appUcation 
the  disease  began  to  improve  in  appearance,  and  in  six  weeks  there 
was  approxiti^ate  recover)*.  At  the  date  of  writing  the  patient  is 
entirely  well.  When  the  patient  was  about  half  cured  he  was  seen  by 
Th\  L,  D.  Biilkley,  Dr.  Kinsman,  of  Columbus,  Ohio,  writes  to  us  tlial 
he  has  successfully  treated,  by  central  galvanization,  a  fievere  case  of 
Impetigltioii^  eczema  of  twenty  years^  standing. 
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Chronic  rc^na  of  tAf  legs  and  ffti^  an^  year^r  standing — Retief  of  ptin  aiidiuhnt 
MKdtr  locniited /araditoti&n  and  gahmni*aihn. 

Cask  XCVL—  Micbrtel  P..  aged  64,  hod  sufTcfcd  for  twelve  monlJrt  from  dtmok 
ecEcma,  oFthelf^and  feet,  accompantH  wjlh  terriliV  fFchinf^ »nc]  bomingKoulioat 
Th«  afTKted  parts  were  bui  Utile  sen^^iiive  to  ilie  electric  current,  eitber  filmic oi 
far&dic  Localised  galvanizalion  a.nd  faradization  were  employrd,  ajid  fcmeofliK 
time  the  electric  brush  with  a  strong  current  was  not  only  well  borne,  bisl  wumoa 
^□.tcful  to  tlie  patient.  The  applications  were  made  ftrim  five  (o  tiraitj  mmule^ 
In  aii  ra^fs  (here  was  relief  if  the  distreising  piuft.  Symptoms  of  relief  begin  tv 
appear  soon  after  t!ie  hegintiing  of  the  /  ance,  and  at  the  close  Muetiao iW 
lute.    TUiK  relief  lasted  At  first  from  two  Co  twelve  hours. 

The  patient  conttnued  treatment  for  ihree  weeks — in  atl  six  1.1^01110(11  MR  Md^ 
The  intervals  of  icUef  were  sensibly  Icngthrtied,  and  the  patici;t  tSsmi&auA  imt* 
ment.  With  the  relief  in  the  itching  and  pa.in  (here  was  correspoiiding  relkf  a  lb 
nppearance  of  the  diseased  parts.  We  hav?  no  refLsoa  to  briieve  tltat  ibt  pititil 
was  permanently  cured. 

Eetema  of  the  smtp  of  three  mont^t^  ffttrnfnm  in  a  '^tnttrman  jctrfniy-fittytmef 
age — Re^atfery  in  tii^a  tttimtMs  un4er  /(*e(tl  gfttvfiniz.ifutn  nnd  generai fetr'tdmiif^ 

Case  XCVU. — Mr.  L  ,  iged  75,  was  AfTected  with  eczema  of  theicalp.  Vxtrs^ 
titras  extended  overthe  entire  port  ion  of  thehcad  covered  by  the  hair,  nnd  Uid  persJui, 
in  spiteof  manf  external  ftpplicaiions,  for  nearly  three  months,.  The  diseased  put  ■* 
covered  with  thick  scabs  which  tended  to  coalesce  and  cover  as  by  ooe  huge  nuatlbf 
entire  surface.  The  scalp  was  quite  irritable*  and  at  night  especially  the  piiiot  «■ 
annoyod  by  an  irrcaiitible  dcairc  to  scratch.  The  t>owcU  were  dectdedlif  cOfUlipUfili 
and  the  general  heaJtli,  allhuii|fh  ut^ually  j;uod,  was  at  ibis  time  coiuidemU;  bdo«I«(- 
The  patient  submitted  to  treatment  by  botb  localized  galvanlzaition  and  general  Cuv 
diiation.  The  firit  application  of  the  former  method  resalted  in  a  decided  u 
the  constant  itching. 

After  two  weeki*  trial  of  both  methods,  some  of  the  scabs  begaji  tq  dry  up  tbi}^ 
ofT,  constipation  was  very  much  relieved,  and  the  generad  health  had  imprmiti  0 
marked  degree. 

This  improvement  stowly  went  on,  until  in  two  months  from  tJiebq{^dfl|tf 
treaioiecil;  tJie  scalp  was  quite  free  from  disease. 

Prurigo. — If  electricity  could  do  nothing  more  than  relieve  the  ot^ 
ing  of  prurtgOj  it  would  be  entitled  to  an  honorable  place  in  the  arm»- 
mentarium  of  the  dermatologist.  Dry  faradizAtion  alone  may  h:\%  re- 
lief in  a  very  few  minutes,  and,  when  perseveringly  used,  m\y  cuic 
We  have  seen  ininiediate  relief  follow  general  faradization  used  in  ibt 
ordinary  method  with  wet  sponges.  In  this  disease  also  ceotral  pV 
vanization  alone  has  in  our  hands  been  very  effective. 

Cetrera/  prurigo^  tix  jfearj*  standing -^Intense  itehifig^A^prAsrimaie  tmre 
fifteen  t  itnce^  of  central  galvan*wiionm 
Case   XCVIIl. — W,  R,,  9  ycar^  of  ajjc,  came  into  ibc  Electto-Therapeuficd  T> 
l»artmctit  of  Demilt  Dispensary,  April  i  [,  x8;3.    At  the  age  of  three  the  pttkal  W 
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Ktj-kt  fever;  thU  '.^as  roUovrcd  by  general  prurigo  that  Iiad  nevw  been  relieved 
The  diseas*  covered  I  lie  bick»  aUtomen*  and  legs.  The  itching  was  most  severe. 
Sleep  at  uight  had  for  years  been  intemipteiJ  by  this  dlstiress,  and  mnrk&  of  Kmltih^ 
were  everywhere  seen.    The  disease  w^as  at  its  worst  on  the  back. 

Acting:  ^ti  the  tlicury  that  the  di^aise  was  of  a.  nervous  clLiractcr*  Dr.  Woodrufl 
tcfcrred  the  case  to  the  liicctro-Thcrapculical  OepaTlmcnt»  when  lreatm=nl  by  cen- 
tral galvanicalion  was  begun  and  continued  for  Iwo  months.  Towards  thi*  close  of 
the  ireatmentp  June  little  remains  of  the  eruption  were  seen  excepting  oa  the 
back,  and  there  wa&  very  little  Itching. 

jfuw  15, — The  patient  abandonet!  treatment;  the  recovery  appeared  to  be  satis- 
factory*    Wc  ht^-vc  no  rurthei  intelligence  of  the  case. 

Dr.  Sterling  gives  tis  the  following  case,  the  diagnosis  of  which  was 
not  fully  clear  to  hitn  i — 

Cenerai  tr*tpii0H  wtth  burning  sensation  0/  Sang  standing — Somt  improvement 
under  Iticaiii^d  gahtaniatiiQn^  and  gfthmniiiUiiJn  of  the  cen'ical  sympaihetic— 
Mmh  grtater  improtftmettt  und^r  ^tHfraS  ga/ifanita/ion. 

Case  XCIX* — Mr,  G.,  rvi  the  a;:;e  ftf  lwe(ve,  was  attacked  with  an  eruption  all 
-jvcr  the  hod)%  after  sca-hathing.  Trcntracnt  cured  the  eruption,  but  a  bumingt 
unartmg  Mn&^noa  wastefl  in  the  face,  that  always  was increascH  nn  any  excitement. 
Drinking  a  cup  of  tea  or  caffce^  or  entering  a  heated  room,  would  brtn^  on  burning 
and  Kmarting  In  the  face,  with  very  decided  puifhtieuv  Arsenic  and  various  other 
remedies  had         Uhcd  faithfully. 

Afay  J.  1871. — Treatment  by  ga.lvanizatiqn  of  the  sympalhetic  and  locarued  gal- 
TBtiifahon  was  l>cguii,  and  tlir  result  was  satisfiictory  ;  but  relapse  occnrred,  and 
some  mojitbi  subsequently  lie  was  treated  by  centra!  galvAnlEation  alonCi  with  very 
great  tmprovemccit.  }{e  slill  KufTcrs  from  slight  relapses  Ch:it  are  always  benefited  by 
dectiicai  treatment. 

Lichai. — We  have  had  no  opportunity  to  treat  a  marked  case  of 
Hchen  ;  but  there  is  every  probability  that  electricity  would  accomplish 
as  much  in  this  ajTection  as  in  the  other  symptotiis  of  the  so-called 
darlrous  diathesis, 

Anasihisia.^^OT  the  curable  cases  of  cutaneous  ansesthesia,  faradi- 
isation  is  a  specific,  if  any  remedy  can  be  said  to  be  a  specific  for  any- 
thing. Even  cases  that  depend  on  incurable  central  lesion  may  im- 
prove very  decidedly  under  treatment.  In  cases  of  paralysis  of  motion 
arid  sensation,  the  sensation  may  be  partially  or  completely  restored 
utider  electrical  treatment,  even  when  the  loss  of  motion  remains  un- 
changed. 

Anccsthesia  is  a  condition  for  which  the  electric  brush  is  particulnily 
indicated  {see  chapter  on  Anaesthesia), 

Acne. — If  we  were  lo  judge  from  our  own  limited  experience  in  the 
treatment  of  acne,  we  could  not  speak  very  encouragingly. 

Our  assistant,  Dr.  J.  H.  Sterling,  informs  us  that  one  year  ago  a  case 
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of  heredKary  acne  mdiirata  of  the  face  and  back,  under  his  care,  wm 
treated  by  eighteen  applications  of  Cfrntral  ga]va.nizatio«,  without  any 
other  treatment,  and  the  disease  disappeared.  The  constipation  am? 
headache,  which  had  been  verj*  disfressing,  were  also  relieved.  Up  to 
date  (July,  1S73)  the  patient  was  well. 

Arfff  Jiosae^a.—Whexher  acne  rosacea  is  different,  pathologieallr, 
from  ordinary  acne  or  not,  it  certainly  yit-Ids  better  to  electrical  treat- 
menu  On  the  theory  that  the  disease  may  depend  in  some  way  on 
the  digestive  organs,  central  galvanisation  may  be  tried  in  connection 
with  local  treatment. 

Aemt  rmanM  0/  timg  xtamiing — ImmediaU  improvement  umifr  itxa(ht4 
fton  with  spimgis  iind  mrlulUc  tlectrodft. 

Case  C. — A  mci^liciil  gentleman,  aged  about  sixty*  in  April,  rS7J,  r«que<^ter)  tt* 
to  treit  him  fur  acne  rav-icca  th^it  lind  fnr  some  time  ca^iiied  him  annoyjuncc.  The 
Uood-resseU  were  considerably  enlarged  on  both  sides  of  tht  nosc»  the  «olor  W45  a 
(iaeiM?«d,  ihcre  vvas  ihe  ttsual  thickening-.  The  health  of  tbe  p*ticiil  wm  id 
othtr  respects  ymWy  g«>rKi^  ciccpiing  iitiaclc*  of  indigesttion  with  acidity. 

We  bcifUl  tfcwmcnl  with  localiied  galvafiizfltion— with  wtt  cloths  ami  spoogr, 
•encnflkR  iwiBg  *  mrtal  dcctrnHc,  with  a  sharp  e<Ige.  When  tlie  meial  electrode— 
cuwtctrt  with  the  ntgaiivt  pole — was  used,  the  tUkttrt  cflpillaries  were  clectrolyied 
oKtcr  tbe  nqjotivt  (wle.  itn-J  gases  escaped  with  a  sound  thai  could  be  easily  bemt 
Hurt  WW  a  lendciicy  to  rrappeamacc  of  tlic  dilated  vessels,  but  aJccr  a  f«w  weeks' 
tPMtONDt  llwy  were  eiitirely  dcsiro/etl^  leaving  no  scar  or  trace^  and  the  color  i>f  the 
me  OA  both  ddes  hftd  duappcflTcd.  Thcrt  appeared  to  be  alHi  a  diminutioa  of  the 
liQriMrtropliied  tissneL. 

There  bat  been,  siikce  thai  Eimc,  sticnc  return  of  the  ^tfection,  hut  he  is  very  latich 
better  than  foraetly.  Tbe  habits  of  the  patient  were  never  inte)iif>eratc,  hut  he  h4d 
ahvmjrs  been  acciulamed  to  use  more  or  less  akohnlic  Kqunr^ 

\\V"  have  since  tieaied  another  case  of  acne  rosacea  by  tbe  aatite 
nielhiHl,  and  with  results  which,  for  th^  rin>e^  are  most  sattsfactorv. 
T)xx$  case  has  hetn  attended  with  ilching  that  has  been  relieved,  and 
the  appeanuice  of  lihc  nose  has  very  rupidty  im])ruved. 

PsH-kuiSs  anJ  Pt/yrtatss,  in  their  relation  to  electro-therapeutics, 
may  be  divided  into  three  classes  :  (i)  Those  cases  that  are  benefited 
iKp  to  «  certain  [>oint,  (2)  Those  cases  that  receive  but  little,  if  anv, 
benefit.  Jud^jing  from  our  own  observations,  we  should  ?tay  chat  the 
Utter  class  (those  who  do  not  yield  at  all)  are  in  the  minoncy.  Some 
OMWprogrm  very  slowly,  and  need  tnonlhsof  treatment  The  negative 
pole  of  the  galvanic  current  seems  to  be  more  efficacious  in  this  di» 
ea*e  than  any  other  method.  For  the  sake  of  economidng  time,  how- 
evcti  we  freiiucnlly  use  both  poles,  with  broad  electrodes, 

TJie  rcftuliv  have  not  bccD  very  satisfactory.    Even  when  decided 
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improvement  takes  place  under  long  treatment,  relapses  mfty  occur, 
and  the  cure  lias  never  in  our  hands  been  coitiplete, 

H(fpa — Herpes  Zoster — Herpes  Front^fis  sen  OphtMlmicHS. — 
Herpes,  if  tiot  the  most  persistent,  is,  without  doubts  attended  by  the 
most  excruciating  pain  of  the  various  neuroses  of  the  skin.  Whether 
its  seat  be  the  head,  the  trunk,  or  the  extremities,  l!ie  associated  pangs 
are  sometimes  almost  beyond  human  endurance. 

Herpes  is  now  generally  regarded  as  subordinate  to  the  existence  of 
a  neuralgic  or  rheumatic  diathesis,  and  as  originating  in  any  cause 
which  weakens  the  vigor  of  a  nerve-trunk  or  its  cutaneous  branches; 
hence  it  would  not  be  unreasonable  to  suppose  that  electricity  in  some 
one  of  its  forms  might  prove  of  service. 

The  teachings  of  experience  clearly  attest  its  value  in  this  complaint. 
The  disease,  it  is  true*  nms  an  acute  course,  and,  as  a  nilc,  recovery 
more  or  less  complete  follows  In  the  course  of  a  few  weeks,  bm  it  is 
none  the  less  incumbent  to  relieve,  so  far  as  possible,  the  acute  suffer- 
ings that  attend  it. 

The  first  two  cases  which  we  briefly  record  occurred  in  that  part  of 
the  body — viz.,  the  trunk — which  is  said  to  be  the  most  frequent  seat 
of  the  disease*  The  succeeding  three  of /^(•/'/w  frontalis  seu  ophtM- 
mieus  are  of  somewhat  greater  interest,  because  of  the  comparative  in* 
frequency  with  which  such  cases  arc  met,  and  of  their  great  importance 
to  ophthalmologists. 

HcTf4s  thoracuatu —  Treatment  by  the  farnJif  current. 

C/kSE  CI." Jane  A.,  a  Jiiipensary  patient,  ageci  seven  years  six  monlhs,  had  suf- 
fered for  several  w«k&  from  febrile  symptoms  njid  acLorejtlb,  and  finilly  on  herjictic 
eruption  appeared  on  the  chest  and  right  side.  The  eniption  incrca'^L  And  r^pi^tly 
exlended,  untiL  llic  thorax  wa»  nearly  encirclct^.  The  pain  from  wliich  the  chijti  fQlTerecl 
wuvery  f^vere,  and  for  forty-ci^ht  hours  it  had  been  coniinuous,  \V<f  employed  fara- 
dization f  tiildiyj*  and  were  rewarded  by  an  immeiliate  relief  of  the  neuralgic  pain^ 

Four  similar  applications  were  sulHetjuently  given, — one  on  each  alternate  day; 
but  there  was  no  return  of  pain^  and  within  ten  days  the  emption,  which  reseinbled 
aborted  ve^des  had  quite  disappeared. 

//irpei  so£rmlis — Treatment  ^  the  fatadk  cfirretti. 

Cask  CII,  —  Wc  were  calierl^  Dccetiiber  3,  i^^73t  to  st*  a  gcnitttnan,  nged  54, 
who  was  5ul!i^ring  from  an  herpetic  eruption  over  the  regjon  of  the  sacrurn.  The 
micles  extended  frotn  tlie  hip  to  the  sciatic  notch  on  the  right  side,  and  covered  a 
ni\rrow  tract  along  the  outer  portion  of  the  thigh,  with  clusters  here  and  there  to  the 
external  maJteolus.  The  accompanring  neuralgic  pain  wu  quite  as  severe  as  in  the 
preceding  case,  and  simulated  actual  Kiatica,,  We  placed  the  foot  of  the  patient  on 
t  coppei  pUte,  to  which  the  negative  pole  was  attidied,  and  with  a  mild  faradic  cuT' 
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r^nt  brought  the  whole  hip  and  limb  under  the  eleetriol  influence.  The  cfEed  *• 
most  gralflfalf  and  the  reUef  afforded  ImmedUte. 

The  same  method  was  repeated  a  number  of  times,  cmd  althDugh  the  patient  oceft- 
sionoUy  experienced  twinges  of  pain^  they  were  of  Uttle  &cvcricy»  and  wiUua  »  wetki 
ceased  to  fttmoy  hua» 

Of  Herpes  fronialls  $eu  ophiha^mkus  we  have  treated  slx  cases  by 
electricity,  and  always  with  the  result  of  relieving  the  pain,  and  in  three 
cases  ihe  course  of  the  disease  even  was  apijarenlly  mcMdified- 

Htrptt  frffuialis — Treatment  by  thi  g^ivaMc  current, 

CaseCIII,~A  larly,  aged  about  6op  and  sent  lousbvDt.C.  R.  Agnew.  hitd  sul- 
fered  long  and  severely  from  herpes  of  the  forehead  aiitj  face-  Acute  and  persistent 
fleL\ralgia  snpcivcned,  fcsiMing  alt  attempts  nt  |>ermanent  alleviation.  The  galwuc 
current  wiii  locuily  and  centrally  appli&d,  and  resulted,  in  a  few  scaace*,  in  rcliennf 
in  a  j^ood  meiLtinre  the  neuralgic  painii.  PLusi.s  of  The  right  eyelid  retained,  kiow- 
ever,  in  spite  uf  the  ttdatraent  by  galvajiiMiiitn,  Three  Jocal  appltcations  of  the 
faradic  current  approximately  restored  ihe  loi^t  rnU5eular  power. 

Herpes  frantalU — AHeviathn  of  pain  hy  the  gaivartu  mrrM/,  ff/ltr  faihtrt  t/  iJk 

faradU  current. 

Case  ClV.-^Mrs,  L.,  aged  39,  consnUed  us  on  June  lo^  tS74,  and  gave  the  foTlow' 
ing  history  of  her  case.  Two  wreks  prior  her  attention  was  called  to  a  »mail  vencu* 
hr  eruption  on  the  left  forehe^,  directly  ^ver  the  eodrse  of  the  supm-orbitstt  nerve. 
Similar  ernpUtms  quickly  followed,  thickly  ^ttidding  the  sidle  of  the  head  atid  face^ 
and  flccompanied  with  much  pain,  A  homccopatliic  physicinn  had  had  the  case  u 
charge,  and  had  succeeded  in  temporarily  relieving  the  neur^ilgia  only  by  the  ad- 
minlsinition  of  morphine.  When  the  patieiM  fell  under  our  observation  she  wra*  suf- 
fering more  than  at  any  previous  time,  and,  rather  because  of  convenience  thao 
choice,  we  gently  aj'plied  the  faradic  current  to  the  affected  and  fiurrounding  psrtv 
It  did  not  cause,  cither  during  the  application  or  sub<ieqnently,  any  special  oiodiAcatioo 
of  the  dii^tress.  On  the  following  day  we  resorted,  a.s  we  should  have  done  at  ftni, 
to  the  galvanic  current,  making  ihe  Bpplication-i  locMly,  centrally,  and  in  Less  than  Im 
minuter  the  intense  ai^ony  of  the  patient  was  almost  completely  relieved.  She  passed 
a  very  quiet  night,  but  in  the  morning  complained  of  9ome  distre^  over  and  in 
the  right  eye  and  temple.  She  was  immeiiiaiely  reUeve<l  by  a  second  application, 
■fier  which  she  was  subjected  to  trealmeni  wveral  fimcs  although  she  suflTefcd 
but  little,  if  any,  and  rapidly  progressed  l-owards  recovery. 

fferpet  frentntu  —  Tretitment  by  ike  gahtanic  ettrreni — /mm^iate  re/sr/ 0/ patm^ 
The  course  of  ditease  apparently  mtHfi/fe^. 

Case  C  V. — A  ihird  case  of  to-jtcr  frontalis,  in  the  pcrwn  of  a  female,  iiged  about 
35,  Fell  under  our  ohscrvatiotiun  the  ad  of  June,  1 5*74.  The  lady,  who  was  i  patient 
of  Dr.  Oliver  White,  first  observed  a  sli^jlil  eruption  over  the  right  eye.  Tins  rap- 
idly spread  over  tht^  wh>_de  iidc  of  the  farehca«i,  and  the  anj;le  of  the  month  vos 
invi.}1ved.  The  associalcii  neuralgia  was  of  the  most  excruciating  and  inlolerable 
chamcier.  Dr.  L.  D.  Bulklcywasi.-AlleU  in  con^uUatbn,  and  advised  the  galvaitk  cur* 
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rent,  &  fe«  applications  of  which  rapidly  and  efTectually  relieved  tbe  patient  nf  «ll 
pun,  and  greatly  hastened  recovery  after  failure  af  vaiibus  iocal  ippUcationa.  The 
tratment  was  c*>nlinued  for  some  tiiue  subsctjqcnily,  in  order  to  mike  the  scarring 
HI  slight  A%  passible^ 

U  will  be  observed  that  of  the  above  cases  the  first  two,  in  which 
the  eruption  was  confined  to  the  body,  were  relieved  by  the  faradic 
current;  and  that  the  three  following  (herpes  frontalis)  yielded  to  the 
galvaoic  current. 

From  these  and  other  cases  the  follomng  conclasiot^s  seem  to  us 
legtliniate 

I-  That  the  pain  of  herpes,  no  matter  where  the  seat  of  the  eruption 
may  be,  is  generally  susceptible  of  speedy  and  eflfectual  relief  by  the 
use  of  the  galvanic  or  faradic  current. 

3.  That  when  the  eruptjons  take  place  on  the  head — herpes  franiahs 
— the  galvanic  current  has  greater  power  to  relieve  the  pain  than  the 
faradic. 

3,  The  electric  treatment,  besides  relieving  the  pain  of  herpes, 
seems  to  fihorten  somewhat  the  acute  stage,  to  break  the  force  of  the 
disease,  and  to  modify  the  scarring. 

Ringxvorm.—'CQWwxiO'^  ringworm  may  yield  to  the  galvanic  current. 

T^ntA  tirHrt^Ui  f ringfoerm )  of  murf  tha.n  two  j^iurx*  stattdtnff — Reanm'jF /oUow 
a^piiiatiQn  of  ikt  galvanic  current. 

Case  CVf, — A  Ivly  palient*  Ag?d  30*  called  our  ftltention,  ca^ally,  la  acomnion 
ringworm,  circular  in  shape,  an  inch  and  a  half  in  diaraetep,  and  situated  at  about 
the  junction  of  the  shoulder  and  neck.  The  di&ease  mod?  iis  appearajice  more  lhao 
two  year*  prior  in  (he  ^hape  of  a  slightly  elevated  spot  which  graduAily  enlarged  to 
the  al»ovc  named  &iie.  The  pari  hail  be^niii  to  heal  in  the  centre  several  Cicnes,  and 
M  gftcn  the  process  of  repair  wuiild  fje  altno-it  complete,  when  the  dticase  would  take 
ft  sudden  *tart  and  become  sls  m&rketi  m  ever.  FiRtdly.  however,  the  centre  of  the 
eruptkm  permanently  di^ftpprnrcd  anil  left  a  circular  spot  of  clear  ikm^  Eurrounded 
by  a  wide  eryihetnitooii  ring*  This  condtijqn  had  remtiined  stAlian&ry  for  more  than 
a  year-  We  applied  to  the  diseased  part  a  metallic  disk  safficicntly  large  to  cover  it 
completely,  and  p.i'^sed  for  a  few  minutes  a  ealranic  current  of  slight  tei^on,  hut  suf- 
ficient lo  create  a  decided  burning  sensation,  and  to  appreciably  afTect  the  eniptioo. 
This  was  the  only  application,  as  imtnediatcly  after  the  patient  left  the  city.  A 
month  afterwards,  however,  she  |>re9entcd  herself,  but  with  no  vestige  of  tlie  ring- 
worm. It  began  Co  dlsiappear  atniosE  immediately  after  the  treatment,  and  within 
two  weeks  the  skm  was  quite  clear.  To  lhi$  date,  two  and  a  half  years  lince  the  a|h 
plication,  there  has  been  no  rcai  j  earance  of  the  empcioiL 

Seier&dtrma.  —  I  his  disease  of  the  skin,  usually  so  obstinate  to  recog- 
nized methods  of  trcattiient,  tjiay  be  treated  by  strong  localized  galva- 
nidation  with  considerable  benefit.    Fieberj  of  Vienna,  records  a  cam 
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where  penijbera!  galvanization  combined  with  galvanization  of  the 
pathetic  were  very  eflcctive.    In  a  case  that  we  saw  with  Dr.  Pi 
and  for  a  time  treated  with  him^  a  very  persevering  use  of  the  galvanic 
current  had  a  decidedly  beneficial  effect. 

Chromaiogenous  Dheasis — Leucodcrma^  Melamdtrma* — The  chcm- 
ical  or  catalytic  action  of  the  galvanic  current  is  theoretically  lodicaied 
in  chromatogenons  or  pigmentary  diseases.  With  leucoderma  or  white- 
ness of  the  skin  and  ci)hclis  or  suu-burn,  and  in  lentigo  or  freckles*  no 
experiments,  so  far  as  we  know,  have  yet  been  made.  Dr.  Wm.  K 
Fisher,  of  Eioboken^  has  treated  a  case  of  mdanoderma  of  tlic  fajcc  by 
the  galvanic  current,  and  gained  a  complete  cure.  Tlic  sjxx*  which 
was  about  half  an  inch  in  breadth  and  three  quarters  of  an  inch  long, 
looked  like  a  spot  of  mud  on  the  cheek.  Through  the  courtesy  of  Dr. 
Fisher  wc  had  opportunity  to  see  this  case  both  during  the  process  of 
the  treatment  and  after  recovery. 

EUphantiasis. 

Ehpkantiasit  9/  the  hgs^  over  iimr  year/  Ttattim,^,  <stten4ed  with  uheratitn 
greaS  pain — Rdiif  of  pain — R^maifai  of  the  tJephaHtme  skin  art^i  wry  r^«Mr4tftt 
recfwlfon  in  the  rize  of  pne  under  liKaHicd gaiv^nivitim — Sif^Jepunt  dtMA  0f 
paii£ti(  from  txharistiffn. 

Cask.  CVll.  —  Mr.  P,,  an  Englislim&n  of  middle  UlTe,  a  man  strong  am!  vigorous 
be^Qnd  Lhe  .iverage,  a  distider  of  oils  by  occupalioa,  returning  from  bis  datJy  Jdtic* 
on  the  evening  at  Febniary  aaci,  i&70p  obscrvecl,  on  removing  his  socksi,  ft  smatt  Mis- 
ter of!  (be  inner  ^dc  erf  ihe  left  ankle.  The  next  diiy  he  called  on  fau  phyUcLm*  Dr. 
Rotten,  under  who^  care      rcmaiDcd  fur  ant  yc3ir  and  more 

The  disease  spread  over  the  Itft  foot  and  ankle,  annl  m  about  two  months  the  rlgM 
foot  was  -^milarly  attacked.  The  btt^ters  cu  tliey  rupturc^l  left  inflamed  ^d  m^j 
surftices  in  their  track.  The  disease  invi^Ued  the  twrface  of  the  feer,  and  both  legf 
up  to  Ihe  Unees.  The  treatment  caiHed  out  by  Dr.  R.  wa5  mainly  of  a  tonic  and 
alierative  diaracter,  wiib  local  applications  of  glycerine,  carbolic  acid,  and  Isdid  wash. 
At  one  time  Dr.  Johnson  sa>w  the  ca.se,  conArmed  the  diAgn^s  of  elephantiasis^  ukI 
Ticndered  $l  dugnosis  positively  unfavnnihle. 

We  first  saw  the  ca^c  by  reL|ucst  of  Dr,  R.  in  May,  1872.  Al  that  time  the  rifihl 
leg  below  the  knee  mea^^iired  tweHtjf-Jtve  iuchts  in  cirainnfcrence,  and  il  was  covered 
til  over  with  elephantine  skin»  exceptirtg  an  ulcerating  surface  below  ibe  ankle 
This  ulcer  wns  trcfllcd  with  clmrcoal  poultice  and  discharged  freely.  The  left 
was  not  greatly  enlar^d,  but  was  red,  angry,  and  inHamed,  and  kept  Qp  an  incesuat 
diEchnrge  from  the  <inrfacc. 

The  patient  sujfcred  h^yrribie  ag^nies^  30  tluLt  at  night  the  neighbors  were  dlrtwrfitj 
by  hi^  howling,  fie  wa.^  unable  to  move  from  tHe  sofa  on  wlhkh  he  sat,  and  wJ«ert 
he  worked     hi«  ncwiy-leamed  trade  of  cleaning  glov^ 

3y  our  request  Dr.  M:iiin  at  first  undertook  the  experimental  trealment  of  ibc 
catt  by  electricity,    We  had  never  known  of  ekpho^ntiasls  being  trcftled  eleciriraUy, 


ELEPHANTIASIS. 


5T5 


■nd  pre  !ui  unFavorable  prognaslSf  and  were  indeed  mcltaed  not  to  attempt  It ;  ov\j 
by  the  earnest  requesL  or  the  patient  and  his  physician  we  decided  to  try  and  tet 
whether  we  might  give  him  some  relief.  Locallted  faraJi^atian^  at  first  tried^  accom- 
plubed  Dolhingt  imd»  so  great       the  Atkae£tIiBia»  wu  n'^t  felc  by  tbe  patti^t. 


Elephantiasis  of  legs  before  treatment  by  electricity. 

Localized  g^/vamzttlion,  hy  means  of  wet  sponges,  and  both  poles  with  linq-car Lion 
battery  of  ttxteen  cellSf  i^os  Appreciably  feJl,  add  vtry  soon  be^aii  to  relieve  tlie  pain. 
The  applications  were  from  ten  to  thirty  minulcs  in  lcn.(jlh. 

After  two  monihi^'  trcAlment  the  elephantine  sktn  on  the  left  \tg^  was  removed,  the 
lain  had  ecased,  and  ihc  leg  was  retluceti  in  circumference  froni  ttatnty^Jive  lo  sevens 
Uin  trvA^im    The  ulcerated  portion  below  |he  ankle  was  at&o  nearly  wetL 

The  electrical  treat  rrieiit  was  then  discontiitued  for  several  months.  During  the 
Utter  part  of  this  time  there  were  evidence*  of  rcUpse  and  reappcirairice  of  ulcers  ftnd 
pain.    The  case  was  seen  at  vsrioas  stages  by  a  lar^  number  of  the  profession. 

The  patient  subsequeiitiy  relapsed  somewhat  on  a  discontinuance  of 
the  treatment ;  was  again  ireated,  though  with  less  benefit,  by  our  as- 
sistant, Dr,  Sterling.  Among  other  methods  central  galvanbalion  was 
tried,  but  without  perceptible  effect.  In  the  course  of  a  year  the  pa^ 
tient  died  exhausted. 

Ahptcia, — In  this  condition,  local  galvanization  has  been  used  with 
some  benefit.  Our  own  ob^rvations  in  this  particular  affection  have 
pot  been  very  extenstve. 

The  question  that  has  been  often  asked  us,  whether  parasites  on  ihc 
ilcin  can  be  killed  by  a  current  that  the  patient  can  easily  bear^  we  are 
unable  10  answer. 
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Ptrmantnce  of  iht  Results. — The  very  natural  question,  whether  tht 
rcsalu  obtained  by  electricity  in  diseases  of  the  skin  are  more  pcrtiM- 
neat  than  those  obtained  by  ordinary  uiethodSp  the  future  must  answer. 
Thai  relapses  may  occur  after  n  cutaneous  disease  bis  even  yielded  to 
ciectrical  treatnienc,  already  has  been  demonstrated.  To  what  ejcteni 
central  galvanisation  and  general  faradUaCion  combined  with  local  treat 
ment  can  control  the  diathesis  must  be  ascertained  by  patient  ajid  per- 
sistent experimen^ 

That  the  results  of  eJectrical  treatment  are,  to  say  the  least,  as  per- 
BMiDent  as  those  derived  from  the  accepted  {uethods,  and  that  after  th< 
accepted  methods  have  partially  or  entirely  failcil,  electricity,  either  done 
or  in  conjunction  with  the  accepted  methods,  may  succeed,  we  h4  e  fat 
isfactorily  estallislied. 

Supirfimus  Hairs, — That  hairs  can  be  successfully  and  permanently 
removed  by  electrolysis  is  now  an  established  f*Lct.  The  appiianccs 
necessary  lire  a  pair  of  tweezers  lo  seize  the  hair,  an  exceedmgly  fine 
irido- platinum  needkt  and  a  needle-holder  which  is  to  be  conneclcd 
with  the  negative  [>Qle  of  the  battery.  The  patient  being  seated  in  a 
high  reclining  chair  and  exposed  to  a  good  light,  the  operator  seixesihe 
hair  with  the  tweezers  held  in  one  hand,  while  wiih  ihe  other  (he 
needle  is  introduced  by  the  side  of  the  hair  into  the  follicle.  The 
patient  then  applies  the  positive  pole  to  the  palm  of  her  hand.  In  a 
few  seconds  some  hyper.^mia,  followed  by  a  slight  blanching  and  a 
htlle  froth,  will  appear  around  the  needle,  and  in  Jrom  twenty  lo  forty 
aecocMb  the  hair  becomes  loose  in  the  follicle  and  is  readily  withdrawn. 
Tl»  CUiKnt-strcngth  should  be  ju^ii  sufficient  to  do  the  work.  Approxt* 
natdyt  from  eight  to  twelve  ordinary  /inc-caibon  cells  will  answer  the 


TV  p*in  i«       slight,  and  if  the  work  is  skilfully  done  but  little,  if 
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DISEASES  OP  THE  OROANS  OF  DIGESTION, 

Among  ihe  diseases  of  the  organs  of  digestion  for  which  electrluL; 

has  been  successfully  employed^  are  dyspepsia,  jauhdlce^  consiipatim^ 
chronk  diarrliata^  gastrafgia^  c(b((<>minai  neuraigiii^  vomiting  or  regur- 
giiafi&n^  ftatulenct-f  and  seasickness. 

Electro  Diagmsis.—\vntdh\e  conditions  of  the  stouiachf  liver,  and  in- 
testines are  sometimes  revealed  by  their  seiisiliveness  to  the  electric 
curretU,  Pains  must  be  taken  to  distinguish  the  sensitiveness  of  the 
skin  from  that  of  the  Internal  organs. 

Ati  afliCsLhetic  condition  of  the  liver  is  sometimes  exceedingly  marked. 
In  several  of  oar  cases  the  whole  power  of  the  faradlc  apparatus  was 
not  painfully  felt,  when  localiited  through  the  liver  by  large  sponge 
electrodes.  Irritability  or  ulceration  of  the  large  intestines  is  some- 
times indicated  in  a  very  marked  manner.  For  the  diagnosis  of  the  dis- 
eases of  tliese  organs,  the  faradic  current,  on  account  of  its  superior 
mechanical  effects^  is  preferable  to  the  galvanic. 

In  nervous  dyspepsia  there  is  frequently  a  peculiar  and  very  unpleas- 
ant tenderness  in  the  epigastric  region,  so  that  only  a  very  mild  current 
can  be  borne.  In  some  cases  a  thrill,  with  a  sinking  sensation,  is  felt 
when  the  electrode  with  a  strong  curretiC  is  passed  down  the  spine ;  in 
other  cases  the  application  of  a  strong  current  at  the  cilio  spinal  centre, 
or  on  the  crown  of  the  head,  causes  a  feeling  of  nausea.  The  spinal 
irritation,  on  which  nervous  dyspepsia  so  frequently  depends,  is  indi- 
cated by  tenderness  of  the  dorsal  vertebrie,  as  revealed  by  pressure  or 
application  of  the  current. 

Gmeral  Printiplei  of  Electrical  Treatment — Electrical  treatment 
is  serviceable  in  the  diseases  of  the  organs  of  digestion  in  two  ways  j 
Firsly  by  improving  the  nutrition  of  the  tissues  of  the  organs  ;  Sec^ndly^ 
by  improving  the  nutrition  of  the  brain,  spinal-cord,  sympathetic,  and 
entire  nervous  system.  The  tonic  influence  on  the  nervous  system  may 
be  obtained  by  central  galvanization,  and  by  general  faradizattoti. 

The  mechanical  inSueuce  on  the  tissues  of  the  viscera  may  be 
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riiTil  bjr  gcfieraJ  oi  localized  faradt^atioo.  A  rundaiiiemal  fact  ot. 
gnsBt  ioqiortuice  in  die  treatment  of  disorders  of  the  digcstiirc  tract  is 
tfaiSk  that  /or  apfUtalions  to  the  abdamtnai  tnseera^  stomachy  spittn^  A  t» 
«r,  mitstm4S  and  ut^rus^  the  farad ic  current  is  usually  prrftrabtt  to  tht 
gmtrmmit.  The  reason  fbr  this  is  that  the  faradic  current  acts  more 
v^gORmslr  on  the  muscles  than  the  galvanic,  and  therefore  produces 
more  poweiful  mt^haHtral  effects^  with  passive  exercise  of  all  the  deep 
tisane&  It  may  be  safely  said,  then,  that  we  know  of  no  trcaiment  more 
9m  to  relieve  the  leading  and  concomitant  phenomena  of  dysficpsta  a$ 
fenecal  Eradiation  and  central  galvanisation.  la  connection  with 
use  galvanization  of  the  sympathetic,  the  pr>rumo 
ipine.  Gcoeral  faradization  telievcs  nervous  dyspcpsi^i, 
IMN  90  awch  by  the  virtue  of  its  inllutnice  on  the  stomach— although 
ll  direcUy  alkcti  the  stomach — as  by  its  iniluencc  on  the  nervous  condi- 
QOB  of  vhicii  the  dyspepsia  is  a  symptoi». 

The  imaber  of  our  cases  in  which  dyspepsia  was  the  only  symptom 
VNtt  coMporativcly  small ;  the  niimljer  x\\  ivhich  it  was  a  pruniincnt  ac- 
canytinytng  syiuptoiu  was  quite  large.  Most  of  the  cases  of  l]y?»teha« 
Mwoos  exiiMistiODi  and  hypochondriasis,  and  very  many  of  the  cases 
ofMnm^lpft  ftnd  paralysis,  were  more  or  It^ss  complicated  with  dyspep- 
tic qpaaptoniA.  Relief  of  dyspepsia  is  one  of  the  earlier  signs  of  im- 
lent  under  clectriza-tion,  even  when  treating  cases  in  which  it  it 
incidental  condition. 
The  stotuach  and  liver  uiay  be  indirectly  galvanized  through  the 
lineuiimgqtstric  >n  the  neck  ;  the  stotnach,  liver,  spleen,  kidneys,  and 
«tty  be  directly  faradized  by  applying  large  electrode;  with 
fmemtrt  over  the  back  and  abdoineni  so  as  to  pass  the  cur. 
nmx  diiecrbr  through  thtf  organ  that  we  wish  to  affect.  Except  in  cases 
«if  \liMMi^  iKcse  organs  will  bear  strong  currents  without  severe  dis- 
L  iJWJftlti  Either  itablc  or  labile  applications  may  be  used,  without  re- 
^  lilt  ilKracnon  of  the  current,  from  three  to  ten  minutes,  or  even 


■f^LtfiWW.  Frr  the  temporary  or  permanent  relief  of  nervoas  dy«- 
ytywk  tht  I^NfgttOUt  under  the  treattnent  abov?  indicated  is  enceed- 
iltprtlhVo.  «ul  the  results  obtained  by  generai  faradization  and 
^m^^  JuAtMiri^'^'"^  4/(7^^  ^omf  of  the  most  remarkabie  in  thrra- 
l^ilM  CMM*  of  Mf  vous  dyspepsia,  with  their  nianifold  couipUcatiotis, 
U4  IJ*  ^  mllOk  tht  best  te^ts  that  can  be  offered  for  this  method  of 
oa^  Are  the  purely  dyspeptic  symptoms  relieved,  but 
^  fWAl  hll^^vtweoacnt  in  sleep,  and  in  strength  of  muscle  and 
Mft  IMM  CAMt  very  marked  increase  in  weight  Relapses 
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are  not  unfrequcnl  in  this  disease,  es{>ecially  under  bad  hygient ;  for 
with  m3.ny  the  tendency  to  hervous  dyspepsia  is  heieditary,  and  is  con^ 
tinually  liable  to  manife&t  itself^ 

Dyj^/^ttiXt  aiicam^niid     4  vor^^^iffui  a^elHi  i^nd  a  cortttant  httrmin^  in  the  Uffm^ 
aek—^Approxim^e  rteamry  under  treatment  by  general  faraditathn. 

Cask  CV'Ml.— The  case  of  Mr.  S.,  aged  31,  presented  symptoms  or  the  old'Tuh- 
leasd  vuiety  of  uvdi^jeslion-    HU  appcafance  did  not  tntUcate  any  Special  or  annoy- 

A  yeftr  prcvbusly  he  began  to  expcriciicc  an  uncf^jr  feeling  tn  ihc  epigastric  region 
after  eatmg  a  licarty  meal.  This  symptom  (jrailuoll/  becooie  more  aggravated,  until 
it  was  a  source  a{  serious  annDya.nce. 

He  h^J  been  advi^  to  timtt  himself  to  a  spare  dliet,  and  hod  attempted  to  regu* 
late  the  quantity  and  quality  of  his  foutL  In  ihvk  lie  failed  on  account  of  another 
symptom,  which  before  had  e^aped  his  obwrvation.  We  refer  to  boulimta — in 
other  wards,  a  voracious  appetite,  which  refused  to  be  controlled.  The  enormoius 
amount  of  fuod  which  be  devoured  at  every  meal  was  but  partially  digesteil.  A  con- 
sidei  ahle  portion  wa:^  occasionally  vomited.  When  liis  meals  were  withheld  a  short 
lime,  he  exj>erieficetl  an  indcMrnlMLble  "sinking"  at  the  stofliach,  impelling  hioi  to 
ieize  voraciously  on  articles  uf  food.  He  cooipUined  especially  of  a  constant  sen- 
sation ofhcaC,  or  a  burning  pajn  in  the  epigSLStrium,  which  was  aggravated  by  the 
inj^estion  of  food.  We  ascribed  this  ^mptom  Co  an  excCkStve  vascular  LrrttaEion  of 
the  mucous  membrane  of  the  ^ttomatb. 

Ah  utiequ^.l  circuUtion  wa«i  manifested  by  cold  extremities  durit;£  the  day,  and  hot 
feet  at  night. 

OerangeraenC  of  the  he|Mitic  function  was  evident  by  the  light  clay-colored  stools, 
while  the  nrine  was  invariably  almost  colorless.  The  patient  was  accustomed  to  the 
babituat  uie  of  alcoholic  stimuUnts  but  never  to  the  point  of  intoxication.  He  had 
Ui>ed  Ktrong  cofTee  and  tea  to  excess  but  had  for  some  months  sbMokied  from  ihem 
altogether.  The  faradic  cuncnt  was  acutely  felt  over  the  stomaclu  Over  the  body 
generi^ly,  however,  he  bore  a  current  of  more  than  ordinary  intensity*  Three  appU* 
cations  given  in  the  cour^rc  of  a  week  appreciably  lesn^ncd  the  irritstioQ  of  the  dis- 
eased organ.  This  effect  was  evinced  by  a  decrease  in  the  burning  sen^^tion,  which 
wa^  mentioned  as  a  disagreeable  ^d  marked  symptom^  The  vomiting  was  effectu- 
ftlly  controlled  after  two  weeks  oF  treatment.  Twenty  applications  administered 
during  a  period  of  two  months  resulted  in  an  approximate  cure. 

The  voracious  appetite  was  in  a  great  measure  subdued,  and  h  was  only  after  some 
indiscrciion  in  diet  that  any  of  the  aid  local  symptonu  returned  suffidcntly  to  ftimdy 
the  pvtient, 

A  <*ut  9/  indigaiioH  and  excessive  tfomiting-  associated  with  an^stAisia  and  weak' 
meu  0/  rij^ht  side — j4 pprtfxitttiiU  rf^ovfry  &f  indigeition^  eU^^  ttttder  ga/vanisaiian 
pf  the  fympaihdic^  pneu m agastric ^  and  relief  of  the  mmoHkeaa  mmder  gen^r^ 
jfar'aditaium. 

Case  CtX,— Mi«  C,  aged  23,  came  to  nsia  October,  1870^  with  the  following 
htitory :  offered  during  childhood!  for  several  years  from  chorea  of  tJic  riighl 
■de,  which  at  the  *ge  of  twelve  entirely  disappeared. 
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ca^QIfod  jjur  bcailii  o&iU  the  a^e  of  si  years,  v;hea  a  condition  of  nittigeft 
It  «(«&  fearful  In  its  effect^.     Hardly  anything  codd  be  reljuncd 
tnd  during  the  winter  she  wasted  almo&t  to  a  sKidow,  tad  her 
■e  wfes  oL    Under  gilviuiiziition  of  Che  sympalhettc  aud  pneumoga&crict 

kcr  ^*f4JCit  sfapcumi  improved,  and  the  vomiting  beoiRie  decidedly  lea.  Aftu 
(WSHmUk  of  crealmcnc,  ^ht  bad  incicased  in  weight  lo  her  Dortnal  rtundani, 
md  «keB  wc  hA  saw  ber,  she  was.  able  to  retain  the  greater  portion  of  (he  food 
Smtx  the  ^tgestion  bqjan  to  improve,  however,  the  left  side  of  the  body 
aftifcedfy  UHBtbetk^  coM^  tnd  greaily  dc5cieiu  tn  streagth.  The  opposite 
iiie  w  dlghtljr  atfected.  General  farodijattoQ  repealed  six  or  eight  times  almost 
wBeieJ  ihne  symptoms.. 


mt  imcrmie  in  weight  &/  thirty  pounds. 

CikSS  CX  -  Mf.  T  ,  n  bookscilct,  age*i  31,  stated  thai  for  a  number  of  yeati 

hehtti  uriierpd  fioak  chronic  dyspepsia,  which  had  rendcicd  hi^  tife  misrrable.  He 
flesh  Although  5  ft.  %  ins,  m  hcij^hfi  his  weight  wa*  liiit  »1»«'Mt 
^  He  complained  cTr^urgitations  frotn  the  stomach  of  an  tii' 
liqnidt  and  on  rising  in  the  morning  he  was  often  troubled  with  pyTmas, 
T^pipnitii  vas  a  frequent  symptom,  and  oftcnuinei»  the  a^uumulaliun  of  ga&  uitlun 
Uk  stocnAch  oubarra^d  ihe  respiration  and  dL^tuibcd  the  awtiun  of  ihc  hevu 
TrealweDt  commenced  about  the  middle  of  OL-tobcr^  1S6&,  and  continued  ^4- 
%Qm  week*,  ficnera]  rarafJization  J;einy  applied  three  tiriie.^  each  week.  The  daily  re- 
gw^ptftltoa&r  the  tympanitis,  and  pyrosis  gradually  cerL>cr(1  la  ounoy  him ;  and  after 
t«rth  application,  he  informed  us  that  during  the  tnomh  he  had  increased  in  weight 
■Mae  fifteen  pounds. 

AUwi  ilw  beginning  of  January,  1867,  he  called  upon  us,  slating  that  his  health 
excfUeni,  ainl  iliat  hi*  toiaJ  increase  in  wei^jht,  since  he  first  coiiimcute*!  tieol- 
bj  electricity,  was  some  thirty  pounds.   He  baid  llmt  Ixc  tltil  not  feel  that  hts  di- 
fMn«  oc^atts  were  «s  strong  as  they  had  b^en  ^Mrfore  he  was  altaiiked  with  dysprp- 
bial  |bt7  had  CCftSed  to  give  him  any  consiilerablt:  u.Dnoyxiice. 


Jtftp*pti^^  ^tsaeiattJ  utUh  periodital  attacks  9/  kfodackt  and  v^miting^^^ 
MBir^my  Mtd  rapid  ift  riast  ta  vui/^  /ailinif  gettcrai  far^iMaii^m 
C  w  .  \  I        young  man  consulted  Ui  in  the  U\\  tif  iii66  fur  a  persistent  fonn 

U.        .  i  4  w<«li  nwvous  organiiaiion,  and  presented  a  remarkably  antonic  ud 
ttMi^MNJ  IffWirtnce.    Every  month  or  six  weeks  he  was  prostrated  by  a  seme 
a<  WiwW  w>d  voniiiine,  from  the  effects  of  whit:h  lie  wouid  not  recover 
trrmi  administering  a  gcncrai  applicaliun  of  the  faradic  current,  it  WM 

ImmI  Ue  liver  was  rclativciy  the  most  sensitive  to  its  influence.  So  exhikusiiaf 
«MtW«flMiiMl  produced  by  the  elcttncity  in  this  organ,  lhal  very  decided  svmp- 
ij  LI  irniini  1-^-"-— ■  He  soun  rallied  from  its  elTe-cts,  and  when  he  visited  us 
J^v*  Mjf  mucfttly  he  expressed  himself  as  having  experienced  very  marked  and 
|i  -  At  each  sillirig  he  was  able  to  bear  a  mure  intense  current  over  the 

^laisWKlbodyffcncraily.    The  beneficial  effects  of  the  applications  were 
^i^m^  M***rfH*  b»  *  «o«  DAtural  and  lively  appetite^  relief  of  constipation,  by  grcaUj 
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'^cra.ttd  vigor  af  mind  and  body,  and  hj  the  non-recuirence  of  hia  usual  paraxysm 
of  hcadaclie  vomiling.  The  Brst  applicutioti  wile  given  October  24,  9ad  the  Gf- 
kcnth  wd  la£t  ui  the  aLcly  put  of  December.  During  the  tieatment  the  weight  of 
this  palicDt  iucreaKd  from  106  tg  1 1  j. 

A  number  of  cases  in  which  nervous  dyspepsia  was  a  symptom  will 
be  found  uf^der  hysteria  and  allied  afTections,  neuralgia  and  paralysis. 

Ccntti^ati&n^  Chronie  Diarrhcta^  and  /aundke, — C&ftstipafttm,  asso- 
ciated with  and  constituting  a  part  of  nervous  dyspepsia,  \%  like  dys- 
pepsia^  disposed  to  yield  rapidly,  and  often  permanently,  to  electriza- 
tion. Next  to  insomnia,  it  is  the  symptom  first  10  yie^d,  after  general 
faradization  is  used,  even  though  there  may  be  subsequent  relapse. 
Very  many  of  the  cases  related  under  dyspepsia,  hypochoudriasis,  hys- 
teria»  and  nervous  exhaustion,  were  to  a  greater  or  less  extent  troubled 
with  constipation,  even  when  this  symptom  was  not  speciSed ;  and  in 
the  majority  of  cases  there  vvai  important  relief. 

The  relief  is  sametimes  merely  temporary  ;  relapses  are  most  likely 
to  occur  in  those  cases  that  ai'e  of  a  hereclitary»  or  at  least  Ufe-long 
^racten 

It  not  unfrequently  happens  that  a  strong  application  is  followed  the 
next  or  even  the  same  day  by  a  freer  alvine  discharge  than  usual. 
Constipation,  much  more  frequently  than  is  supposed,  depends  on  an 
irritable,  exhausted,  or  congested  condition  of  the  spinal  cord*  That 
myelitis  and  the  more  serious  lesions  of  the  spinal  cord  are  accompa- 
med  by  a  deranged  condition  of  the  bowels,  either  constipation  or 
dtarrhceo,  is  fully  recognized;  it  is  not,  however,  so  well  understood 
that  spinal  irrittttiofii  even  in  its  milder  degrees,  may  have  constipation 
for  one  of  its  symptomia,  and  that  this  symptom  u'lll  disapi>ear  with  the 
removal  of  the  cause^  by  treatment  directed  to  the  spine.  For  those 
cases  that  result  fr<mi  incurable  disease  of  the  brain  or  spinal  cord  only 
temporary  relief  can  be  obtained.  In  such  cases  relapse  usually  occurs 
as  soon  as  tlie  treatment  is  discontinued.  Very  obstinate  and  life-long 
cases  of  constipation  sometimes  arc  not  benefited  by  any  form  of 
electrical  treatment. 

Electrization  may  be  said  to  relieve  constipation  in  several  differeat 
ways : — 

I.  By  its  general  tonic  effects  on  the  system  at  large,  on  the  samf 
principle  that  it  relieves  nervous  dyspepsia. 

a.  By  its  tonic  efTects  on  the  central  nervous  system,  and  especially 
on  the  spinal  cord.  On  account  of  the  fact  that  very  many  cases  of 
constipation  depend  on  a  morbid  condition  of  the  c  >rd,  special  attei> 
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tion  bliouM  be  given  to  tlie  spine,  whatever  nmy  be  the  method  of  elcc 
tmation  employed, 

3,  By  its  direct  effects  on  the  organs  of  digestioo.  The  mechirial 
action  of  the  faradic  current  especially  gives  tone  to  the  stornach,  l:v«, 
And  intestines,  markedly  increases  the  hepatic  and  intestinal  scaelioni, 
and  aids  the  peristaltic  action  of  the  intestines. 

In  jaundice  the  results  of  our  limited  experience  have  been  mon 
favorable  than  the  reverse.  In  chronU^  diarrhasa  we  have  succeeded  ia 
a  number  of  striking  instances. 

The  treatment  of  all  these  conditions  is  worthy  of  far  more  Atteodoa 
than  it  has  thus  far  received  from  electro  therapeutists. 


Ifa&ituat  ccftxtipatwft  for  fifietnyeari — Ma  permofunS  betujtt  frtm  midtmkB- 

jK*t/>id  impravemint  unJ^r  general fatadUaium—Reiapte. 

Case  CXfl. — Mr.  N,,  sged  30,  a  prmler  employed  in  \ht  oflkeof tbcNtv  V«rt 
Timis,  was  %nt  to  us  by  Dr.  St.  John  Roosa.  For  dfieen  years  he  had  ndlerei  lioa 
con&Cipa.[iorL  Ho  pendst^nt  were  the  sy^niplonii^  that  neither  wcll-dincioil  DUdici' 
tiun  nor  such  hygie»ic  meafuia  as  he  coiikl  comniaiid  were  of  ajiy  nvviJ, 

The  appetile  was  good,  atict  ihe  sleep  niuderatcly  sound  and  refreshing.  TlKiaJ>0' 
complaineil  of  a,         uf  weiylu  or  opprcs&ioTi  in  ihe  abdomen,  of  fiatulciue,  xtui 
casionally  of  a  slight  feeling  of  nausf^a. 

Tlie  evacmuioiu  oftea  caise  nway  in  knotty  lumps,  after  much  £tnuntngu^<* 
ttnpleasAat  distension  of  (he  Anus,  As  a  consequence  of  this  torpor  or  want  of  ■n*' 
ceptibiUt/  of  the  mtestiQes,  his  health  had  beconie  considerably  impaired.  Ueta»* 
pliined  of  A  general  feeling  of  malaise  and  1  JiuiLinAtion  to  cngiigc  in  Any  icttre 
Above  aU,  however*  be  suftered  cuniinuaJiy  from  moat  painful  mental  d 
The  moiiotDhy  irnJ  confincmeut  of  his  occupatton,  together  With  tJte 
method  of  life  of  working  at  nighc  and  sleeping  during  the  day,  doubtless  servd 
■ggrnviLte  the  character  of  iiLs  disorder.  He  received  oidy  three  applicatioit*  of  *l* 
faradtc  current,  wluch  resulted  b  &□  extraordinary  improvement  in  his  gencnlq*":^ 
tom^  After  the  hr&t  &i£;a.ncc  the  boweU  moved  freely,  liud  continued  lo  do  to  cWJ 
day  wlule  be  vltiiced  ua.  He  wis  completely  relieved  of  hia  tueotal  and  ph^adJ  d^ 
l^re^on,  flind  in  every  respect  was  more  vigorous  than  for  many  years  bcfure. 

The  bowels  continued  regular  for  several  months,  when  theotd  symptonu  grsdml^ 
reEumed.  The  patient  again  fipplied  to  us  for  IreatmeGt*  aad  was  relieved  as  (Aoe 
tiully  as  before. 

0&itit9/ftt  famtipaiion  relitwd    a  few  appUcaiicnx  of  thi  faradk  mtrwmt. 

Case  CXtf  I, — Through  theklndn&Kof  Pr.  Howard  Pinckney  we  treated M 
Date  case  of  con^lipatlon  Ln  a  lady  aged  about  jo,  who  ilImi  suffered  Iron 
menorrhagta  and  nervous  exhaustiou.    A  few  applications  of  geticfnl  fftfAdL 
the  current  being  directed  more  parlicularlyt  However,  to  the  iniesiinal  tract- 
this  condition  so  decidedly,  thai  it  wa£  unnecessary  to  continue  the  treatment.  K 
year  subsequently  a  dagle  appUcfttinn  rclirml  the  patient  rm  ■  return  ol  the  «^ 


LNTERNAL  APPLICATIONS  FOR  CONSTIPATION.  5-3 

In  some  cases  of  very  obstinate  constipation  (t  is  of  advantage  to 
localize  the  current  by  inUrnai  appHcatwrts,  This  may  be  acconj- 
plished  by  means  of  a  rectal  electrode  (Figs.  io6  and  107).  This  may 
either  be  non-instilated,  or  insulated  up  to  a  poini  near  the  tip,  and 
may  be  double  or  single.  A  very  pcm.itrfui  current  may  he  borne  in 
the  reitum  wUfwut  discomfort.  The  other  pole  may  be  applied  ai 
different  points  over  the  abdomen* 

With  the  double  rectal  electrode,  as  with  double  electrodes  of  all 
kinds  there  is  so  small  a  portion  of  the  body  interposed  that  the  resist- 
ance is  very  feeble  and  only  a  slight  current  will  be  borne. 


Frc. 

In  a  case  of  obstinate  constipation  following  parturition  we  tried 
in  succession  external  and  internal  faradization  and  external  and  in- 
ternal galvanization  with  strong  currents  without  effect 

IleiiS  {Invagination). — AUhaus  reports  two  cases  where  powerful 
faradization  availed  to  cure  constipation  when  the  ordinary  remediet 
^ad  been  tried  in  vain*    The  negative  pole  was  applied  to  the  spine, 
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and  the  positive  passed  o/er  the  abdomen  in  the  region  of  the  l^ugf 
intestine.    In  three  minutes  a  very  abundant  evacuation  appeared. 

The  second  case  was  severe,  but  not  3S  long  standing  as  the  other. 
The  patient  passed  much  blood  at  stool,  and  was  fast  becoming  ex- 
hausted The  same  appHcation  brought  relief,  though  not  so  speedHf 
as  in  the  preceding  case.  In  two  cases  of  ileus  [hat  we  treated  in  thk 
way  lliere  was  relief. 

Dr.  Clemens,  of  Frankfort,  states  that  he  has  successfully  treated 
invagination  by  first  administering  one  or  two  tablespoonfiils  of  metallic 
mercury,  which  settled  down  to  the  seat  of  the  invagination.  The  nega^ 
tive  electrode  was  applied  over  the  supposed  seat  of  ll^e  disease,  aod 
the  positive  in  the  rectum*    Voltaic  alternatives  were  used.*' 

CAr<9nU  diarr/t€ea  i}/  six  mcnth^  standings  assoHaiid  with  gtner^  nutraifi^ — 
Mar&fd  UHdirnest  trvtr  the  transverse  c^hn — Treated  gemrat /ttradttati'm^ 
With  special  reference  fa  the  tender  sj>^ — Rteovery  in  three  wee^^ 

Case  CXtV.— A  lady,  aged  35,  sent  lo  us  by  Dr.  H.  H.  Gregory,  for  x  gcnersl 
neufiLlgiA,  from  which  at  tiine&  sLe  iuHered  excessively.  The  faradic  currcnc  wasappti«d 
ovcf  ihe  whole  body,  and  prodiiced  no  dUcomforlp  excepting  when  it  was  sent  tltrougfa 
a  cerifiin  p^E  of  the  inccstinal  tract, 

Tbis  lender  spot  was  located  Qn  the  right  side,  directly  over  the  trans^-eTse  colony 
Over  no  other  portion  of  the  abdomen  was  she  at  all  jsensilive  to  the  electricity,  but 
St  this  p^int  a  very  muderate  current  produced  a  dijiagreeable,  shurp,  buming  pain, 
utnilaT  to  tlmt  caused  by  making  the  applicatimi  to  a  ra-w  nirfucc.  Upon  inqniryp 
the  patient  stated  that  for  ^IK  months  die  bad  been  annoyed  by  a  dlarrfacvaf  which 
pcrsiEiled  tn  spile  of  per^veHng  and  judicious  medication.  She  was  obli^eti  to  cier- 
ctse  the  utmost  cauutjn  iri  her  diet,  for  the  least  indlscretton  in  eaticg  was  certaia  to 
■^ravfllc  hcF  disorder. 

We  now  direeicd  the  applications  more  especi^ly  to  tlus  tender  spot,  and  soon  oil* 
served  some  amelioration  of  her  diarrho^l  symptoms.  The  stools  assumed  a  firmer 
c«>n£istcncy  and  %  more  healthy  color,  and  in  proportion  as  she  improved  In  these 
respects  the  tender  spot  beczune  les  seosidve  to  the  Lofluences  of  Ifae  cLecCric  currtat. 
Eight  applications,  extended  over  a  petiod  of  three  weeks,  resulted  in  complete  re 
covery, 

Diarrhoea  of  several  m&nths'  tiandittg  in  a  lad  iff  twelve  yeare,  earned  f/y  erfiorurg  i0 
ettld — Jfecirvety  under  fea  general  faraditatinHJ — Imrease  in  weight. 

Cask  CXV, — J.  W.,  aged  twelve  years^  was  annoyed  by  m  excessive  loosener 
of  the  bowets,  which  had  persisted  for  Eeveral  months  in  spite  of  every  form  of 
medication  that  bad  hceo  tried.  He  was  of  a  delicate  constitmiot^  but  until  t!m 
attack  of  diarrhc^a  he  had  always  enjoyed  a  good  degree  of  healtlu  His  mother  at- 
tributed his  disorder  to  exposure  during  a  cold,  damp  day,  at  a  time  when  systeii 
wu  A  little  below  par  Fiorn  too  close  confinement  io  the  school-rooir. 

k  moderate  amount  of  food  cutt^  no  discomfort,  but  his  power  of  — TiiitliiHoff 

*  Althau^  op.  cit.t  p.  603. 
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vai  cQDstdcraHly'Iitipaireel,  lu  shown  by  ihe  great  quantity  of  alir  er  *  that  pnssed  lit* 
bow«]s  flaily.  Ordtn.iirily  he  had  five  or  si*  evacunltons  rluring  the  twenty-Font 
faours;  but  if  he  indulged  to  any  CKtent  m  athletic  cx«'cb«s  the  symptomE  became 
more  urgent. 

On  one  occasion,  afcer  hiduLgmg  for  au  honr  in  a  £;ame  of  ha!l,  he  wa^  annoyett 
during  the  night  by  tiraily  a  ■doien  cvacttaHons,  which  were  attended  with  ronsider- 
kbie  pam.  At  might  Ix  inferred,  this  constant  drain  ufxin  his  $y!>tem  hnd  still  further 
decreased  his  limiieil  stock  of  vitality,  and  he  had  lost  within  three  months  some 
twelve  pounds  in  weight. 

The  first  four  applications  worked  no  important  charujc  in  his  general  condition. 

After  the  fifth  visit  there  were  manifest  f-igns  of  ir^i{>rovement.  Dui-m|r  the  twenty* 
four  hours  fnlluwing  he  was  compelleti  to  evacuate  his  bowc)s  but  tliree  tinnes 
instead  ot  five  or  fix.  The  improvemefll  continued  after  each  subaequem  appUca- 
llon»  until  the  nnmbcr  was  r<?iJikcei:!  (o  one  dcdly.  The  fxces  were  of  a  firm  con^is^ 
Eency  and  oninixefl  with  umligested  food.  The  evacuaticin»  caused  no  suffuring,  and, 
more  than  aII^  he  had  gained  nearly  pound;^  in  weights  He  could  indulge  in  ai[ 
the  ordinary  spurts  of  his  school- fellows  without  any  evil  consequences  tollowing. 

The  patient  was  under  ticatment  nearly  a  month,  and  the  number  of  applications 
administered  was  ten. 

CAr^nk  diarrhaa  with  excettizt  ftainsirt^k  and  ahdomen—Grtat  d^Uity^Vrrjf 

Cask  CXVI.— Mjss  I,,  a  lady  30  years  of  agt,  was  referred  to  us  by  Proif,  J.  T. 
Metcalfe,  Oct.  31,  1869,  to  be  treated  tor  chronic  diarrhrea  of  four  years'  standing, 
ullernutcd  viitli  »onic  .meoiia  and  ntiiscular  weakness.  The  discharijes,  sometimes 
several  daily,  were  ftciueiLtly  foLlowefl  l)y  severe  pain.  Debility  was  so  CKcei^ve 
:bat  site  was  over^fati^uwl  by  a  walk  of  i  qu:irter  of  a  mile.  Her  appetite  was  capri* 
cious  and  di;^stiun  itnpc^rfect,  and  the  condition  of  her  bowels  mnde  nece^ry  con- 
itant  caution.  The  pattern  referred  her  dtfEcuhlcs  to  eithausEion  caused  by  attend- 
ance on  at]  invafiiL  sister. 

Electric  examination  revealed  a  marked  tenderue?sovcr  the  tranwerse  coloUj  which 
varied  at  different  times. 

The  patient  was  treated  by  genernl  faradhEatlon,  at  first  cautiously^  but  soon  as 
she  ])roved  able  to  bear  it,  with  greater  freedom^  by  latervals,  fur  three  months,  the 
applications  being  made  every  other  day.  Improvement  began  early^  and  its  march 
vva-i  continuous  and  mostly  uniform.  The  discliarges  were  gradually  reduced  in  fre- 
r^ucncy,  with  relief  of  the  accompanying  pain,  though  two  slight  relapses  occurred 
from  imprudence  at  the  table.  The  c)(cc?igivc  pain  in  the  back  was  relieved  tempo- 
rarily with  ea<:h  application.  From  week  to  week  her  strength  improvcfl,  and  at 
the  close  of  the  treaimeitt  she  could  walk  two  miles  with  pleasure.  The  increase  in 
$tzc  And  hardness  of  the  muscles  of  the  upper  and  lower  limbs  was  pal  table.  Occa- 
sionat  attacks  of  loowtse^s  of  the  bowels  annoyed  her  even  then,  but  they  were  not 
KCQiiipsnted  by  the  severe  pain,  nnd  were  quite  rcridily  checked  before  they  had  Itme 
to  impair  nutrition  or  reduce  the  system. 

A  letter  received  firom  the  pnttcnl  in  SeptcmlKT,  lS6c>,  reported  that  in  the  main 
the  hid  jelained  the  improvement  derived  from  the  treatment. 

In  ihii  case  very  strong  and  cjuite  protracted  applicatknt  were  given,  ind  wttll 
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eonsldcra.bk  thoroughness  Only  the  faradlc  current  was  employed^  ance  it  MmtA  !• 
Rveet  all  the  io^JicaLiona,  The  temporary  effects  of  gencraj  fu-adiutioR--rel>ef  flf 
pain,  with  a  feeling  of  wurmth  and  exhilaration — were  strtkingly  observed  after  taih 
application* 

That  the  opposite  symptoms— diarrhcEa  and  constipition — treated 
successfully  by  electricity  need  suq>rise  nt>  one  who  thoroughly  com- 
prehends the  fact  that  electrical  treatment  improves  nutrition  ^nd  so 
may  be  used  to  combat  any  diseases  that  depend  on  depraved  nutri- 
tion, whatever  the  syiiflptoms  by  which  the  depraved  nutrition  manifesu 
itself. 

yauiftlke  2oith  ddhiHty  of  six  manthf  ffanJtag — Rapiti  rt£<rv€ty  under  gemtr^t  fmr* 

Case  CXVII.^Mr,  B,^  agedaS,  had  siiflFcrcd  at  intcrvflU  from  jnundlcc  ^ssomted 
wtch  CJEcc^lve  phyfdc&l  pro^Uation  for  nearly  six  momhs, 

His  bowels  were  obstinately  constipated,  and  had  been  so  Juritig  ill  this  perifxl  of 
bodily  derwgemcnt.  He  h[ul  been  physicked  at  various  times,  and  mo^t  thorough!* 
by  calomel  podjoptiyjlin  and  other  cathartics,  and  had  been  constantly  uhdcr  ihc  inflo* 
mce  jf  ionic  retaedies.  These  effarts  hod  re<tuUed  only  in  temporary  relief,  aail  at 
the  time  he  applied  to  us  for  treatment  the  palient*s  appearance  was  typical  of  ui 
a^avatcd  c£u»e  of  jaundice. 

We  suhmittcd  htm  cm  iittemate  days  to  ^eml  faradization  with  rapsd  and  dedded 
effect.  The  coiiEtipation  was  first  relieved^  and  then  followeti  an  iticf»£e  of  appditt ; 
at  the  tome  time  his  skin  became  clearer,  and  he  incccaKd  both  tu  strengtli  aad 
weight. 

The  result  was  complete  recovery  lAilhin  a  month. 

(For  Gilstralgia  see  chapter  on  Neuralgia.) 

Regurgitation  and  Vomiting. — For  those  cases  of  vomiting  lhal  are 
of  an  obviously  nervotis  character^  galvanization  of  the  syiiipatheiic  %nd 
pnenmogastric,  or  strong  faradization  through  the  stomach,  Is  ^v^menmei 
of  important  ^rvicc.  Successful  results  have  been  obtained  by  Peppo 
and  Bricheteait.  The  latter  treated  with  success  three  cases  of  vomit- 
ing of  pregnarjcy.  His  method  of  application  was  to  place  the  electrodej 
on  the  epigastrium  at  the  commencement,  middle,  and  close  of  the 
meal. 

It  is  well  in  such  cases,  especially  if  they  are  obstinate,  to  try  &  va- 
riety of  methods :  galvanization  of  the  sympathetic  and  vagus,  and  of 
the  spine,  faradisation  through  the  stomach  with  a  strong  stable  current, 
and  general  faradization. 

Dr.  F,  D,  Lente»  of  Cold  Spring,  informs  ns  that  he  has  met  with  ex- 
cellent success  in  the  treatment  of  vomiting  by  faradixation.  In  somr 
cases  tile  effects  are  imroediatei 


FLATULENCE— SEA-SICKNE5S. 


FfaiuUn£€. — Flatulence  is  a  syniptoai  of  disorder  of  llie  digestive  or- 
gans that  very  readily  yields  to  electrical  iteatinent.  It  demands  Llie 
same  treatment  as  dyspepsia  and  constipation.  Those  very  frequeni 
cases  that  depend  on  spinal  irritation  and  congestion^  and  oti  hysteria, 
need  central  galvanization  or  general  faradization;  cases  that  depend 
on  an  attack  of  acute  indigestion  may  be  advantageously  treated  by  in- 
ternal applications^  one  pole  bemg  applied  to  the  rectum  by  tiie  rectal 
electrode,  and  the  other  to  the  spine  or  abdomen. 

Flatulence  was  a  symptom  in  very  many  of  our  ca&es  of  dyspepsia* 
hysteria,  and  spinal  irritation,  and  alrao&t  uniformly  it  temporarily  or 
permanently  yielded. 

Seasickness, — In  October,  1S69,  Mr.  Le  Coniat,  a  Fretich  surgeon, 
presented  a  method  of  treating  sea-sickness^  before  the  New  York  Med- 
ical Association.  Subsequently  a  detailed  account  of  the  mctbod 
was  published  by  Dr.  Dwindle,*  who  had  experienced  the  good  effects 
of  the  treatment  ou  his  own  persion  in  a  passage  across  the  Atlaj^ttc 

His  method  was  to  first  apply  a  quantity  of  solution  of  atropine — one 
j^rain  to  the  oimce — to  the  epigastrium,  then  to  apply  a  fiat  disk,  con* 
nected  witli  a  faradic  apparatus,  over  the  pyloric  extremity  of  the  stom> 
acli,  while  a  moistened  sponge  connected  with  the  positive  pole  was 
passed  over  the  surface,  from  the  cardiac  to  the  pyloric  orifice. 

Vigorous  contractions  of  the  muscles  appeared  during  the  applica- 
Cfltions,  which  were  followed  by  agreeable  repose. 

Le  Coniat  claims  to  cure  by  this  method  ninety  per  cent,  of  his  cases. 

The  statements  made  by  Coniat  and  Dwindle  lose  much  of  their  sci- 
entific as  well  as  of  their  practical  value,  from  the  fact  that  the  atropine 
was  combined  with  the  faradization. 

There  is  little  doubt  that  the  passage  of  the  electric  currents  through 
the  body  facilitates  the  absorption  of  liquids,  placed  beneath  the  elec- 
trodes ;  moreover,  it  is  well  known  that  the  skin  is  capable  of  absorbing 
liquids  without  the  aid  of  the  electric  currents^  The  quenching  of  thirst 
by  bathing  is  a  very  famiUar  illustration. 

Then  again,  atropine  is  a  remedy  so  powerful  that  or  even 
of  a  grain  is  sufficient  to  powerfully  affect  the  nervous  system,  when  ad- 
ministered hypodermically.  Futhermore,  it  is  a  remedy  for  sea-sickneas 
and  sick-headache,  as  has  been  shown  by  experiments  of  ourselves  and 
others  who  have  employed  hypodermic  injections  of  this  remedy  con> 
bined  with  morphine,  A  dose  containing  of  a  graiti  of  atropine 
and  :|  of  a  grain  of  morphine  is  sufhcient  in  certain  cases  to  relieve  th^ 


*  Hew  York  Medical  Joumftt^  1869,  p.  390^ 
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i         imLting,  ajid  produce  sleep — the  saiue  efibcis  U  in  pro 
bjr      operstioa  of  Le  Cotuat 
!S)P9Ga  m  ^leie  conadefatiotii^  tskea  in  ccmsectKm  with  tfae  fimihti 
Oiat  Beft-dd£7)es«  is  probabl/  cot  &  disease  of  tiu  itocndL 
me,  but  of  ^e  central  nervous  systeca,  of  which  the  nanset  Aod  vomit 
it  but     no  meaos  aeccsaary  5|paiptomSk  we  ^re  ^tm^ 
belkf  dist  ^  resulu  ofn&bed  by  CasM^] 
could  hltpfaj^obtiuaiBdwI&iiitt^ 
tions  of  j 

He  (me  w&y  to  letde  the  qgesdpn  cKpeHmealsiIljr  would  1)e 

a  Hrge  number  of  patients  by  all  three  different  methods— sonit: 
jgrogedure  of      Coiiiati  others  by  the  some  method  without  tbe^ 
■BIp^  otfaen  by  bjrpodencic  injeciiow  <if  fttroptiw. 

Electricity  mast  be  proved  to  have  some  very  potent  influence  OVB 
Bea-sickness,  in  order  to  persuade  patients  £Lnd  physicians  to  aitempcia 
use  on  ^ipboard.   A  Euigeon  in  the  United  States  Navy  reprrs  to  ttt 

fbe  lvuludgoodfendtsiii  ttw  tmtme«t  of  acMckoetf 


CHAPTER  XXVII. 


DISEASES    OF  W0&1E.M. 

The  disease^E  of  the  female  sexual  organs  for  which  electricity  has 
been  proved  to  be  of  service  are  llie  symptouis  of  amtnorrhira,  dys- 
mrnarr/tn'tty  menorrhagia,  leueorrhtta^  ehrmic  pelvic  celiulith^  uUriae 
hyptrplaua^  sub-  and  super -involutions  atrophy  0/  (he  fstertis,  Mspiace' 
menis  and  prohpius^  ovarian  neuralgia  and  ovariiis^  peri-uterine  htr- 
matoceit^  stenosis  0/  the  uterine  eanal,  cystic  growths^  and  Jibroid  and 
ovartan  tumors. 

Treatment  of  Diseases  of  the  £^fr«j,™I*ocalj  centra^  and  general 
treatment  may  be  caiplayed.  The  local  treatment  may  be  cither  ex- 
ternal or  internaK 

External  Method — Externally,  the  uterus  and  its  appendages  may 
be  electriied  by  placing  one  pole  with  firm  pressure  over  ihe  hypogas- 
tric region,  and  ihc  other  over  the  lumbar  region  of  the  spine. 

Tbi&  method  is  sometimes  as  effective  as  internal  applications,  and, 
in  virgins  at  least,  should  always  be  tried  at  ftrst.  In  ihts  method 
benefit  is  derived  partly  from  the  effect  of  the  current  on  the  lower  part 
cf  the  spinal  cord  and  the  abdominal  ganglia  of  Chu  sympathetic. 

Internal  Method.  — Electric  currents  may  be  localised  in  the  female 
organs  of  generation  in  a  variety  of  ways.  One  pole  njay  be  applied 
to  the  OS  by  means  of  an  insulated  electrode  with  a  metallic  bulb 
(Fig.  109),  while  the  other,  with  a  broad  electrode,  is  applied  to  the  backj 
or  on  the  hypogastric  region,  or  over  one  of  the  ovaries.  Instead  of  a 
metallic  bulb  the  uterine  electrcMde  may  be  composed  of  branches  lo 
clasp  the  cervix,  A  much  stronger  current  can  be  borne  at  the  cervix 
than  would  be  supposed, 

A  method  of  faradizing  the  uterus  is  represented  in  the  accompanying 
cut  (Fig,  ToS), 

For  intra-uterine  faradization  we  have  devised  an  irtira-uterine  elec- 
trode which  is  represented  in  the  cut.  The  baMs  of  the  instrument  is 
similar  to  Sims's  sound.    This  is  insulated  with  varnish  up  to  within 
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three  inches  of  the  extTerniiy  ;  the  banille  is  af  hat d  rubber,  and  i*  |iro- 
vided  with  a  bote  and  screw  for  fastening  the  connecting  wire  uf  the 
apparatus,  and  a  button  connected  with  a  spring,  by  means  of  which  ihf 
connection  of  the  current  can  be  made  or  broken  at  pleisurc.  The 
manifest  advantages  of  the  inlerrupCer,  which  is  similar  to  ibat  of  the 


Frc.  loe. 

Faradization  of  the  Uterus. — One  of  the  poles  coonccted  wirlii hifni^ 
eleclrodc,  one  branch  of  which  is  placed  on  the  iurahaf,  and  the  olliet  oft  ^ 
hyiiogastiic  region.  The  other  pnic  is  appEied  in  theccrvW  {or  at  the  iwl^*" 
insulated  uurine  electrode.    (The  DDrmol  position  of  tiie  ulcrus  U  after  VfidtfA 

universal  electrode  holder  (Fig.  no),  is  that  it  dispenses  with  the 
necessity  of  waiting  until  the  instnunent  is  in  situ  before  connccti"" 
it  with  the  apparatus,  and  that  it  makes  it  convenient  to  give  nf 
interruptions  and  to  instantaneously  suspend  the  treatment  vhen  re* 
quired. 

\VTien  properly  curved,  this  electrode  may  be  tjsed  for  the  larynx. 
Fig.  Ill  represents  a  double  intra-uterine  electrode  which  allows 
pole  IQ  act  on  the  uterine  canal  and  the  other  on  the  os  exterainn. 


INSTRU^fEiffS — LOCAL  APPLICATION. 


Fig,  112  represenla  the  dcubk  uterine  electrode  of  Duchenne.* 
This  is  composed  of  two  plates,  connected  with  11t;xible  wires,  which 
pass  through  a  soundi  but  are  insulcited  from  each  other. 
On  pushing  in  the  ivires  slightly  at  the  point  where  Che  connection 


Ftc-  frn.  III. 

Btard's  Inlra-Uterine  Dotible  Intra  Uterine  El<c- 

Electmde  {Ticcnartn  tr<Kle  (GaLvano  pRmdic 

&  Co,).  M(g.  Co.), 


wilh  the  apparatus  Is  made,  the  poles  separate  as  in  Fig.  1 13,  On  again 
drawing  Ihem  in,  they  close  as  in  Fig.  1 13,  The  instniment,  which  is 
the  same  \u  principle  as  the  d^uhievfskal  ^Ucirtfde,  is  introduced  while 
do$ed,  as  in  Fig.  1 15,  and  opened  so  as  to  clasp  the  neck  of  the  uterus* 

*Dc  rElectrisatlon  Localise,  p.  89. 
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One  of  the  insulated  wires  is  connected  wiih  the  positive  and  the  otbei 
with  (he  negative  electrode.  By  this  means  the  current  i«  %-cry  doscU 
localized  in  the  neck  of  the  uterus. 

Concerning  these  internal  applications  of  electricity  to  the  uterus  ti 
may  be  remaiked  ; — 

fTirsi — That  in  those  cases  where  local  treatment  is  indicated,  appli- 
cations to  ihe  cervix  or  in  the  uterus  are  frequently  much  more  ctiici- 

cious  than  external  applications,  even 
with  the  strongest  currents.  For  this 
reabon  it  is  necessary,  even  with  rir- 
gins,  Co  insist  on  internal  treatincntf 
especially  after  external  treatment  hu 
failed.  The  uterine  electrode  (Fig, 
109)  can  ubually  be  introduced  inia 
the  vagina  as  readily  as  the  finger. 
The  intta-ulerine  electrode  cannot 
well  be  introduced  without  the  aid  of 
a  spccuTum. 

The  other  pole  may  be  applied  to 
the  back  or  abdomen  by  means  of  a 
flat  metallic  surface  or  plate  covered 
with  moistened  sponge. 
Kts.  iia.  Fic.  ti3.  Sw/tf^/v — Inttrnat  tUclricatum  1/ 

Duchenne^s  Double  Uicjine  Eke-  painful  as  cxlemaL  Powerful 

I'^ode.  currents  can  be  borne  at  (he  cervix  aod 

in  the  uterus  for  a  long  tinie  with- 
out inconvenience.  Patients  usually  complain  more  of  the  pain  be- 
neath the  electrode  which  is  applied  on  the  back  or  abdomen,  even 
when  the  negative,  which  is  the  stronger  and  more  painful,  is  applied 
internally. 

Tripier^*  who  has  carefully  studied  the  subject  of  localised  faradiuuion 
of  the  uterus,  is  accustomed  to  place  one  pole  in  the  bladder  by  mean* 
of  a  vesical  insulated  electrode,  or  in  the  rectum  by  a  rectal  electrode. 

In  some  cases  he  connects  one  of  the  poles  with  a  bifurcated  elec- 
trode, a  branch  of  which  is  placed  on  each  iliac  region,  while  the  nega* 
tive  pole  is  connected  with  an  insulated  rectal  electrode  in  the  reclanu 

Fcurthly — Eithtr  ^ufteni  may  be  used.  The  galvanic  as  well  as  the 
faradic  current  may  be  localised  in  the  uterus,  and  sometimes  it  is  much 
more  effective.  The  danger  that  the  chemical  action  of  the  galvanic 
current  will  injure  the  lining  membrane  of  the  uterus  is  but  slight,  pjro< 
•  Annales  de  rElectpj  Therapie^  p.  205  ei  «q. 
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vldcd  too  strong  currents  are  not  used,  or  the  pole  is  not  allowed  lo 
rest  a  long  lime  without  breaking  I  he  circuit. 

/ft  afi  ihese  me f hods  of  applffuiwn  rithir  tfirtdhn  ef  the  cur r tut  may 
be  used,  (See  p.  laS.)  In  ihe  treaiment  of  uterine  congestion  and 
engorgement,  the  positive  pole  is  slightly  preferable  to  (be  negative 
pole,  for  the  reason  that  it  has  more  powerful  contracting  influence  on 
inv'ohmtary  muscular  fibres. 

The  vagina  may  be  irealed  by  a  meUllic  vaginal  electrode  (Fig.  1 14), 
with  which  either  the  positive  or  negative  pole  may  be  connected.  This 
is  useful  in  vaginal  tetuorrhma  and  prolapsus. 

For  these  local  applications  either  the  galvanic  or  faradic  currents 
niay  be  used  ;  the  faradic  \%  preferable  in  those  cases  where  meckankal 
more  than  chemical  effects  are  indicated.  Especially  is  this  the  case  in 
amenorrlio^i.  Furthermore,  the  currents  may  be  stable  or  labile,  uni- 
form or  increasing,  according  to  the  indications.  Local  applications  to 
the  uterus  whether  external  or  internal,  may  be  continued 
for  from  live  to  j^lieen  minutes.  S^^veral  naelhods  may  be 
tried  at  each  sitting. 

Gtneral  and  Cenirai  Treaimmt. — But  very  many,  per- 
haps the  majtTity  of  cases  of  functional  disease  of  these 
organs,  require  gentral  as  well  as  localized  electriication. 
There  is  no  department  in  which  so  many  mistakes  have 
been  made  by  too  exclusively  local  treatment  as  in  that  of 
gyniscology.  No  case  of  functlofw!  dtsiurbanct  of  ihe  uterus 
should  bt  abandoned  by  the  elecirv-theraptutist  untti  he  has 
faithfully  tried  f^eneral  as  toeil  as  external  and  internal 
hcaiiud  eh'tfrhatian.  To  treat  pymptoms  of  central  or 
constitulLunal  disturbance  by  m^'rely  local  electrization  is 
itlogical  in  theory  and  unsati-factory  in  pracitce«  All  the 
organs  of  generation  in  woman  as  well  as  in  man  can  be 
affected  by  gilvani/alion  or  even  faradization  along  the 
spine.  A  strong  evidence  of  the  beneficial  results  of  gen- 
eral faradization  in  these  cases  is  the  fact  that  patients  un- 
dergoing treatment  frequently  remark  that  their  menses  are 
in  some  way  atfected*  In  some  cases  they  are  brought  on 
before  their  tinac,  tn  others  much  increased  in  quantity.  So 
frequently  does  this  happen  that  we  prefer  on  the  whole  to  suspend  the 
treatment  during  the  menstrual  periods  in  those  cases  where  no  thera- 
peutical effect  is  desired  on  the  sexual  organs. 

The  time  of  making  the  applications  is  not  unimportant.  It  is  an 
advantage,  in  amenorrhc£a  at  leasts  to  concentrate  as  many  appltca- 
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iLons  as  possible  during  the  few  days  that  precede  the  appearance  of 
menses.  And  yet  the  advantage  of  Ihis  is  hardly  as  great  as  has  bem 
supposed.  The  great  thing  m  all  but  recent  and  temporary  cAseis  isio 
remove  the  anaemia  or  chlorosis,  or  nervous  exhaustion  with  wbith  die 
menstrual  disorder  is  associated,  and  of  which  it  is  a  prominent  factor. 
Another  suggestiv^e  consideration  is  that  the  menstrual  How  may  be 
brought  on  or  increased  through  rf/frx  action  by  localr/ed  electrtJtat'OQ 
of  other  and  distant  porllons  of  the  body,  as  the  hands,  feet,  chcsr,  etc 

Trtatmenf  of  the  UUrtts  by  the  Gaii'anic  Cttrrfnt, — As  in  the  use  of 
Ihe  fjradic  current  the  local  treatnient  Jiiay  be  both  external  and  ro* 
ternal,  together  with  the  central  method  (centril  galvanization)^  which 
13  to  the  galvanic  what  the  general  method  (general  faradization)  is  fo 
the  faradtc  current. 

To  Apostoli,  of  Paris,  belongs  the  credit  of  boldly  overstepping  the 
bounds  ihonght  to  be  safe  in  treating  the  uterus  and  its  appendages  by 
the  galvanic  current  and  using  currents  of  great  power.  Hitherto,  one 
important  defect  in  the  treatment  of  various  uterine  diseases,  aad 
especially  morbid  growths,  has  been  the  use  of  too  weak  currents. 
This  has  been  due  partially  perhaps  to  a  commendable  caution  in  deal- 
ing with  an  agent  so  potent  as  elcctricityj  but  more,  to  our  lack  ci 
definite  knowledge  of  ihe  amount  of  current  strength  needed  to  ac- 
complish certain  ends,  and  our  inability  to  readily  cmnmand  more  than 
a  certain  limited  working  power  from  the  apparatus  tn  ordinary  use* 
A  third  obstacle  was  ihc  absence  of  any  instrument  by  which  the  cuf- 
rent  could  be  accurately  measured,  and  this,  to  the  novice,  was  a  de- 
fect practically  insurmountable  tn  Ins  efforts  for  anything  like  unifomi 
results. 

The  improved  milliampercmeter  (Fig.  Sz)  has  overcome  this  diffi- 
culty, and  is  indisj>ensable  in  all  eleciro-surgtcal  operations,  besides 
being  a  vast  aid  in  all  electrical  appHcations.  Instead  of  a  strength  o( 
current  equal  to  only  ten  to  thirty  milltamperes,  which  was  commonly 
used,  and  which  indeed  xvas  all  that  could  be  obtained  from  the  appli- 
ances in  use,  it  is  now  no  uncommon  thing  to  use  currents  even  o< 
several  huntlred  degrees  of  strength.  For  this  purpose  the  external 
electrode  ituist  not  only  be  material  of  ihe  best  conduction  possiWe, 
but  of  suitable  si^e  and  sufficiently  flexible  to  be  i>crfectly  adjusted  to 
every  inequality  of  surface  which  it  covers.  The  strength  of  current 
from  a  given  number  of  cells  is  directly  in  pro|x>rtion  lo  the  size  of  tb« 
electrodes.  Thus,  if  from  a  series  of  cells,  fifty  in  number,  we  obtain, 
when  the  current  is  passed  through  electrodes  of  a  certain  sixe,  a 
strength  of  fifty  milUamperes,  electrodes  of  similar  pattern^  but  doable 
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the  size  will  yield  &  current  strength  of  one  hundred  mtUiani|jeres, 
As  to  ihe  quality  of  the  electrodes — sponges  are  too  bulky  and  offer 
loo  great  resistance  wlicn  oiir  object  is  strength  of  current. 

As  a  substitute,  Apostoli  uses  sculptors'  clay  held  in  [>Uce  by  gan^e* 
This  material  holds  nioisiure  fairly  welt»  can  be  adapted  closely  Co  (he 
skinj  and  is  undoubtedly  an  admirable  electrode.  The  elecirodcfi  lhat 
I  ordinarily  use,  however,  for  purjjoses  of  local  application,  consist  of 
Uyers  of  absorbent  cotton  spread  smoothly  over  tlexible  metal  backs 
of  varying  sue. 

The  material  i$  easily  obtained^  and  so  inexpensive  as  to  warrant  a 
fresh  supply  for  every  patient.  In  ail  this,  reference  is,  of  course,  made 
to  the  external  electrode^  which  in  the  treatment  of  the  uterus  and  iis 
api>endages  is  usually  placed  upon  the  abdomen. 

The  internal  electrodes  consist  mainly  of  a  small  metal  bulb  attached 
to  a  long  insidated  stem  (^^  in  Fig.  ro^),  for  applications  lo  such  jjor- 
tions  of  the  uterus  as  can  be  reached  per  vaginam,  of  a  metal  probe- 
etectrode  for  intra  uterine  applications  as  in  Fig.  i  lo,  and  needlt^s  of 
varying  si/ea  for  electro-puncture.  !t  should  ever  be  borne  in  mind 
that  when  the  positive  pole  is  ai>])lied  to  the  interior  of  the  uterus  the 
metal  used  should  be  of  some  non*oxidi.£able  metal,  such  as  platinum 
or  gold. 

AwtmrrhceAt. — In  its  relations  to  those  three  cardinal  symptoms  of 
deranged  menstrua  tion,  amenorrhcea,  dysmenorrhea and  menorrhagia, 
electricity  was  as  ciipricious  and  paradoxical  as  it  sometimes  proved 
to  be  in  its  applicaiion  to  certain  nervoiis  derangements. 

It  would  excite  the  menstrual  How  when  absent,  decrease  it  when 
profuse^  and  temporarily  and  sometimes  permanently  relieve  the  pain 
lhat  might  be  attendant  u(>on  these  conditions,  and  then  again  in  other 
cases  would  fail  utterly  to  accomplish  what  previous  experience  had 
given  us  every  reason  to  expect  Its  action  was  a  seeming  paradox, 
in  that  it  relieved  diametrically  opposite  conditions,  and  was  capricious 
because  at  one  time  it  would  relieve,  and  at  another  fail  to  do  ao. 

As  a  matter  of  fact»  however,  the  remedy  is  neither  capricious  nor 
paradoxical  in  its  action. 

It  works  in  accordance  with  certain  fixed  laws,  and  its  chemical  ac- 
tivity is  under  such  perfect  control  that  it  will  perform  for  us  the  exact 
measure  of  work  desired,  so  (hat  now,  with  our  better  knowle<!ge  of  its 
physics  and  its  ]ihysio]ogy,  and  by  Ihe  aid  of  correct  current  measure- 
mcnts  and  electrodes  properly  adapted,  it  is  possible  to  obtain  far  bet- 
ter results  in  the  future  than  in  the  past.  The  seemingly  capricious 
action  of  electricity  then,  in  conditions  of  disordered  menstruation,  is 
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in  great  measure  due  to  our  imperfect  knowledge  of  the  various  CiCl 
that  go  to  make  up  these  morbid  stales,  and  as  increasing  knowledge 
enables  us  to  hi  more  accurately  the  remedy  io  ihe  disease,  so  sHaU  we 
sf'iih  greater  certain ty  be  abte  todiffrrentiate  between  those  nicr  s^rualde- 
ranf^enients  whtcb  can,  and  Ihose  which  cannot,  be  curt^d  by  clccuicity. 

In  amenorrhoea  electricity  U  more  especially  iiKlicaierl  in  those 
cases  that  are  dependent  on  some  constitutioual  cau^e  associated  with 
chlorosis,  and  upon  imperfecL  development  or  atrophy  of  lUe  organs 
of  generation.  It  is  needless  for  me  to  say  that  in  chlorosis  and 
arii^mia,  anienorrhcea  is  the  natural  condition,  and  ctTorts  lo  force  the 
menses  by  any  form  of  local  treattnent  would  be  entirety  out  of  place. 
On  the  contrary,  it  is,  I  believe,  understood  tiiat  when  nien»trna.tion 
persists,  along  with  a  decided  anajmic  condition,  the  hning  utetitUane 
of  the  uterus  may  itself  be  diseased,  and  call  for  local  treat  mem  for 
the  purpose  of  the  rtjw*    It  is  in  amenorrhoea  exisnng  as  a 

symptom  of  amemia  that  electricity,  through  general  and  not  local 
methods  of  apiJUcatton»  is  esi>eciaUy  indicated.  It  is  not  to  be  used 
to  the  exciuston  of  iron  and  other  tonics,  but  in  conjunction  with  (hem. 
Treated  in  this  way,  cases  of  long-standing  ana;mia,  with  their  asso- 
ciated symptom,  amenorrhoei,  will  recover  far  inorefapidly  than  when 
internal  luedicitiott  alone  is  relied  upon.  Great  uiistalics  are  com- 
mitted in  the  treatment  by  electriclly  of  aiiienorrhcea  associated  n'ilh 
an£cmiaf  in  applying  the  galvanic  current  directly  to  the  uterus, 

Local];;ed  galvanij^ation  is  not  indicated  in  ihese  cases  ;  on  the  con- 
trary, as  1  have  had  abundant  occasion  to  observe,  tt  tends  to  irduce 
a  condition  of  nervous  irnlaiion  that  is  excecdin^ily  unpleasant.  It  is 
in  these  conditions  of  amenonhcea,  when  the  pulicnt  n  weak  ami 
anKQiic,  with  perhaps  other  indications  of  constiintional  disturbance, 
that  the  faradic  current  is  strongly  indicated  over  the  galvanic. 

On  the  other  hand,  in  those  cases  of  amenorrhuea  where  the  patients 
are  robust  and  of  full  habit,  galvanism  U  likely  to  be  of  far  greater 
service  than  eiiht?r  the  faradic  current  or  Frankllnic  electricity. 

Another  well-recogniied  cause  of  amenorrhcea  is  atrophy^  as  well  as 
arrested  development  of  the  uterus.  The  well  known  power  of  clec- 
iricity  lo  variously  modify  nutrition  would  indicate  its  use  in  these 
conditions ;  practically^  I  have  found  it  to  be  efficnctons  in  several 
cases,  and  sec  no  reason  why  it  should  not  always  be  of  more  or  less 
service.  In  super-involution  also  it  may  be  tried  with  expectation  of 
success,  provided  there  is  evidence  of  active  ovulation. 

If  there  ar«  no  such  evidences  the  probabilities  are  that  neither 
electricity  nor  any  other  remedy  will  be  of  service. 
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Dr,  Fordyce  Barkrr  has  enumerated  the  following  symptoms,  slI  or 
near  the  menstrual  period,  as  evidence  of  the  existence  of  ovulation  as- 
sociated wiih  suj>er-involuLion :  intense  headache,  flashing  of  the  face 
and  congesiion  of  ihe  eye,  pelvic  pain  and  sense  of  dragging,  wi:h  nausea, 
vomiung,  etc.  It  is  interesting  to  note  that  in  llie  single  case  of  super- 
involuliDn  that  1  have  successfully  treated,  all  of  these  distufbing  symii- 
torus  were  present,  and  all  disapjieared  with  the  rcliim  of  menstruation. 

I  may  add  that  in  this  case  the  condition  followed  a  dangerous  and 
difficult  labor.  For  two  years  menstruation  had  api>eared  but  once  or 
twice,  and  upon  ineasurenitint  the  uterus  was  found  to  be  but  one  and 
Ihiee-fouTths  of  an  inch  in  length. 

Dysmcmrrhcsa. — Speaking  from  no  inconsiderable  experience  in  the 
treattnent  of  the  disorders  of  menstruation,  I  confidenJy  assert  that 
the  greater  number  of  cases  of  dysnienorrhoea,  takiiij^  the  cases  as  we 
find  them  in  ordinary  practice,  can  be  very  much  relieved  by  electiic- 
iiy,  and  many  of  them  permanently  cured.  Obstruction  to  the  free 
liow  of  blood  must  be  regarded  as  the  main  cause  of  painful  menstrua- 
tion, and  when  this  obstruction  is  due  to  mechanical  causes,  such  as 
stenosisj  the  electrolytic  method  is  to  be  used. 

In  the  vast  majority  of  cases,  however,  while  there  may  be  often 
found  changes  in  ihe  lining  membrane  of  the  uterus,  there  yet  exists 
no  serious  structural  change  or  mechanical  obstruction.  Whatever 
the  condition  of  the  endometrium  which  fails  to  allow  the  free  How  of 
blood  into  the  cavity  of  the  uterus,  thus  causing  distention  and  press- 
ure^ with  pain  of  greater  or  less  severity,  the  free  and  steady  flow  of 
the  galvanic  current  through  the  uterine  organs  is  most  efiicacious  in 
relieving  this  congestion  and  preventing  pain. 

It  should  be  applied  just  before  menstruation,  and  repeated  every 
day,  if  necessary,  until  the  flow  appears.  In  those  cases  where  there 
is  usually  a  long  struggle  and  great  delay,  I  have  by  these  applications 
frequently  caused  the  menses  to  appear  promptly  on  time,  and  without 
the  slightest  suggestion  of  pain. 

The  faradic  current  will  occasionally  relieve  dysmenorrhtea,  but  for 
obvious  reasons  it  has  no  such  influence  over  the  condition  as  galvan- 
ism. Another  cause  of  dysnienorrhoea*  for  the  relief  of  which  I  have 
good  reason  to  place  great  faith  in  the  absorptive  action  of  the  gal- 
vanic current,  is  the  pressure  occasioned  by  the  eiiudations  following 
attacks  of  pelvic  celUditis>  In  these  cases  the  treatment  must  often 
be  prolonged,  and  months  may  be  consumed  in  the  eflbrls  to  dissolve 
the  products  of  exudation^  but  the  results  that  follow  more  than  com* 
pensate  for  the  time  and  trouble  expended. 
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Menorrhagia, — The  medical  use  of  ekciricUy  has  no  such  inflaeiice 
over  excessive  as  it  has  over  painful  menstruation^  although  clcctny 
lytic  treainient  where  uterine  fibroids  or  polypi  are  the  causes  not  in- 
frequently effects  most  Miarvellous  changes,  1  have,  however,  nicl  sev- 
eral cases  of  tuenorrhagia  occurring  toward  the  decline  of  arrod 
activity,  where  simple  external  applications  by  the  method  of  gtmcral 
faradization  liave  proven  most  effective  measures  of  relief.  These 
cases  are  generally  associated  with  constipation,  torpidity  of  the  liver, 
aiul  often  with  nervous  exhaustion^  and  the  indications  are  exceUeoily 
met  by  the  powerful  constitutional  effects  of  this  most  valuable  tDetbod 
of  treatment. 

When  discussing  the  subject  of  electriciiy  my  inclination  is  always 
to  dwell  upon  and  emphasize  ihe  importance  of  general  faradizaticft. 

For  twenty  years  it  has  been  an  indispensable  part  of  my  praaicr, 
and  (he  enunciatKin  that  1  then  and  have  atnce  made  of  its  range  of 
usefulness,  I  see  no  reason  now  to  change,  Ic  is  an  old  story,  and  I 
win  not  further  dwell  upon  it,  but  would  urge  everyone  who  uses  elec- 
tricity at  all  to  make  himself  familiar  with  the  rational  fncdus  operandi 
and  efftcts  of  generai  faradiKation. 

Chr&nk  Fdvk  CeUnHth, — In  the  sequcisc  of  pelvic  cellulitis  tlie 
application  of  the  galvanic  current  is  often  followed  by  the  most  sativ* 
factory  results*  For  the  absorption  of  old  exudations  in  other  pans  of 
the  body  this  form  of  electricity  has  long  been  known  to  be  most  effi- 
cacious, but  only  williin  a  com]>aratively  recent  period  has  it  been 
tested  in  the  thickening  and  infiltration  resulting  from  inHanimaiioD  of 
the  pelvic  cellular  tissue.  The  negative  pole,  consisting  of  a  metal 
ball,  or,  in  some  cases,  better  still,  of  a  concave  metal  clasp,  is  lo  be 
used  internally,  and  direcdy  to  the  part  affected,  while  the  positive  is 
applied  externally.  If  the  metal  electrode  is  applied  without  the  in- 
tervention of  a  sponge  or  chamois  covering,  care  should  be  taken  not 
to  use  currents  sufficiently  strong  to  produce  eschars. 

This  mishap  may  occur  even  without  the  knowledge  of  the  patient 
at  the  time,  and  in  the  beginning  it  ts  safer  to  use  a  covered  elec- 
trode. 

This  treatment,  judiciously  and  persistently  carried  out,  has  resulted 
not  only  in  the  absotpliou  of  large  pelvic  deposits,  but  in  the  cure  of 
the  most  severe  and  obstinate  sciatica,  and  in  the  restoration  of  power 
to  paralyzed  limbs.  In  such  cases  both  sciatica  and  paralysis  Jtie 
caused  undoubtedly  by  pressure  of  the  exudations  upon  the  pelvic  floor, 
and  can  be  relieved  only  through  the  dissipation  of  the  morbid  pro^ 
uct|. 
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Ckfi^nk  ^h'K  fflluiitis  preduein^  dytm^ncrrkira^  mfHe»rrkagia^  and  many  Htrwus 
xyatptoms—A&Stfrfition  of  Iht  exudatwu  and  rfcmtefy  undfr  th^^a/maii'  <urr^nt. 

Case  CXVUJ.^Mrii.  K-^ — ,  aged  39,  was  nuTTied  at  the  ag«  af  2j,  and  hod 

I^LVcii  birth  to  llii-ee  ditlilreii. 

Afier  the  birih  of  tlie  La^t,  thrre  years  ago»  she  aufTered  from  several  matnnury  ab- 
scesses, and  nlso  from      attack  of  pelvic  cellulilis; 

After  the  InpK  of  eighteen  months  her  menses  cftitic  on,  and  have  w\cc  ftppcflTCcl  &t 
irregular  intervals,  being  &anietime&  seajity  and  sometimes  pfofuac,  and  alway*  at- 
tetidcd  wilt)  tfKcesbtve  paJin.  Aside  from  lbef>c  Ick^I  s^ntnptonis  ihe  padctit  \v&s  far 
from  well,  cuuipUiiung  of  on  anoy  at  syropt^msf  nearly  all  referabJe  to  ilie  nervous 
sj^itemu 

She  WAS  sleepless,  hysterical,  despondrat^  and  was,  ac^nJing  10  the  physiciRn  un* 
ricr  who<<!  care  she  haxl  been  for  ihe  previou*i  vix  monChs.  and  who,  slranye  to 
had  never  made  an  internal  examination,  i^imply     neura?.thenLi:.  ' 

I  futinil  an  ciilar^fcd  uterus^  ai:id  tniluratiuti^  almo^^t  encircling  the  t>s  ami  ektendui^ 
along  the  {>elvic  Aaor.  Coveflng  the  inleinal  el^trExJe  Otegaltve  ]^de)  with  a  sujfi- 
cient  layer  of  absorbent  colluii,  I  applied  U  ta  llic  di>ca*cil  fiar[5,  pUtun;  the  flai  «- 
ternal  electrode  |.diiiicn^un^  four  by  incite;)  over  the  abdomen.  With  ihe  elee* 
trode^  lhu6  in  p>&ttiuii,  I  slowly  iiiercased  the  strength  of  the  current  from  twenty  to 
fifty  millbmpcrc^  conliti\iing  Ihe  application  for  ten  minuter. 

This  %he  bore  very  well,  yo  that  from  time  la  time  the  strength  wa*  increasttl,  un- 
til, uccofiiionally  for  jl  very  brief  period,  i»he  would  receive  high  u  one  hundred  milU- 
atnpere*^,. 

This  patient  was  under  my  c»ie  for  four  months,  and  received  serine  forty-five  ap- 
plicationjb  ji^unilar  to  those  descrilj^d.  After  the  ailminislratian  of  sik  these  appli- 
catioDi»  an  eiitirrly  painlevi;  meU!<lruatioii  occurred.  And  every  tncnstrupiiion  siucc  ha^ 
t)een  of  the  same  character.  Not  only  has  ilie  dysmenorrha-a  been  sjuMw&l,  but  the 
courses  come  on  with  a  rea.Konable  degree  of  regularity,  and  are  nearly  uormal  in  ap- 
pearance and  quantity.  The  exnrlntdjns  have  in  great  measure  disappeared  by  ab-- 
sorption,  jind  pan  J^jj^h  the  eonstiluliunAt  symptoms  improved. 

Fibroid  Tutficrs* — It  is  ld  the  treatment  of  tibrpid  tumors  of  the 
utenis  by  eleccrolyMs  that  the  nevr  departure  in  regard  to  greatly  in- 
cre3.&ed  strength  of  current  h  more  especially  applicable.  If  the  tumor 
is  in  a  position  to  be  readily  reached^  Lhere  is  no  question  of  the  pro- 
priety of  resorting  to  electro-puticture,  nor  of  its  good  ctfects,  any 
more  than  there  is  of  the  results  that  may  follotr  simple  local  galvanijia- 
tion.  The  difference  between  the  two  is,  that  local  galvanijcaiian  of 
the  tumor  is  a  slow  and  tedious  method,  occupying  months  to  accom- 
plish even  a  small  reduction,  while  electro-puncture  produces  far  greater 
effects  in  a  much  shorter  space  of  time.  It  is  almost  incredible  how- 
many  symptoms  sometimes  disappear  after  the  very  slightest  redtjction 
in  the  size  of  a  fibroid  tumor,  or  of  an  enlarged  uterus,  or  of  the  prod- 
ucts of  inflammation,  and  for  this  reason  the  simplerf  »afer,  and  less 
disagreeable  procedure  is  by  t^o  means  to  be  despise<l}  when  for  any 
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reason  ivhatcver  tlie  otlier  ia  not  fca&iblt;.  I  have  seen  a  good  number 
of  case^p  where  did^culty  a.nd  pam  on  miciuriiion,  due  lo  (iressure  on 
the  neck  of  the  bladder,  rectal  difiictilties  due  lo  pressure  there,  dvs* 
iiienorrhoea  and  nienorrhagia,  logclhcr  with  other  pains,  an<l  iiiipaitcU 
locomotioni  have  been  either  cured,  or  greatly  alleWated  by  biuipV 
local  galvariization,  which  has  only  succeeded  in  dissipating  a  »niall 
fiaciion  of  ihc  supposed  cause  of  these  symptoms. 

Nor  wlU  electro-puncture,  as  a  rule,  entirely  dissipjitc  a  fibfoiiJ  lu- 
mor,  although  it  will  reduci^  it  far  more  than  the  simpler  njcchod.  hot 
if  it  will  not  entirely  dissipate  it,  it  will,  to  use  an  cspiessive  tcmi^  k> 
shrivel  it  that  it  becomes  quite  harmlesfit  and  the  patient  syuiptomatic- 
ally  cured. 

In  the  treatment  of  fibiuid  tumors  then,  the  fcUowing  suggcsiions 
may  prove  of  service.  The  fiiit  requisite,  of  course,  is  an  apparaiits 
with  a  suflicient  number  of  celU,  needles  for  iiuroduciion  into  Ihc  m- 
mor,  and  a  prttpcr  exiernal  eIeclro<]e.  The  second  requisite  is  a  milli- 
amperemeter,  with  a  registration  of  over  a  hundred,  and  at  the  same 
time,  if  iJossible,  one  that  does  not  oscillate  so  persistently  as  those  in 
common  use, 

Esccepting  in  those  cases  where  the  object  is  to  control  hiuniorrhagc, 
the  needles  sliould  be  attached  to  the  negative  [lole^  while  the  positive 
pole,  for  application  over  the  abdomen,  should  consist  of  an  clecirode 
similar  to  those  that  have  been  already  referred  to. 

Those  that  I  have  more  rect^ntiy  used  consist  of  a  llexible  mcUl 
back,  five  inches  wide  by  eight  long,  and  covered  by  several  Uycrs  of 
absorbent  cotton,  so  as  to  picsent  a  perfectly  smooth  and  even  siu- 
face. 

This  is  placed  upon  the  abdonien,  and  may  be  pressed  upon  4tid 
kept  in  position  by  the  hand  of  the  patient  herself,  if  no  asMstanl  is 
present.  The  needle  or  needles  are  now  introduced  into  the  tumor, 
and  the  current  gradually  increased  without  interruption^  until  the  re- 
quired strength  is  obtained, 

1  have  myself  never  used  more  than  a  hundred  and  fifty  milUaro- 
peres,  although  Apostoli  and  some  others  have  used  currents  consider- 
ably higher  in  tension* 

The  duration  of  the  seance  may  be  from  five  to  ten  minutes,  and 
even  longer,  if  the  patient  bears  it  well.  Too  much  stress  cannot  be 
laid  upon  the  necessity  of  an  entire  absence  of  any  Interruption  of  the 
current  during  the  treatment.  In  trivial  operations,  where  the  tension 
is  flight,  this  is  not  of  such  vital  importance^  but  in  the  treatment  of 
condition  where  a  very  great  strength  of  current  u  necessary,  a  shock 
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would  deciJedly  disturb  a.  jjaticnl  of  cvtn  sUong  nerve,  and  inflict  seri- 
ous damage  on  luarsy*  Nu  vne  would  willingly  do  ihis,  but  there  aie 
so  many  possible  dtsiuibing  factors  lo  the  steady  working  of  ibe  cur^ 
rent,  that  from  my  personal  koo^vlcdge  of  the  condition  in  wliich  phy- 
sicians too  frequently  keep  their  electrical  apparatus  and  applianc.^, 
these  interruptions  are  liable  to  occur  at  any  moment,  and  when  Itast 
expected  or  desired.  It  ir*  to  be  doubted  whether  many  patients  would 
submit  themselves  to  a  second  trial  after  having  received  a  shock  from 
a  current  strength  ofontj  hundred  millianiperea, 

Cas^  0/  a  f./iroid  turner  esst-ciattd  tvJA  t/^smfm*rrMra,  metHfrrhagia^  anti  many 
H^r^ffUJ  ^•fri/U>mi—E/fffri>-/'Uffffur^  -UfftA  iHTTeHtf  a/ ont  huniired  mitiiampcres 
grtatty  rtdn^es  the  growth  end  pFi\€tieaily  curti  ikt  mtmtrMfU  dhturb&neis  and 
aii^iaied  tomtitutUnttl  sympioms. 

Cask  CXIX.^ — Mra.  M  ,  agcl  19,  consulted  me.  May  ad  of  tlie  present  year,  for 

symplDm!^  other  ihan  uterine.    Site  siiflTcred  a.  gflcxl  deal  from  heur^gia,  and  was  dc- 

CL(]edLy  ftiiscmic,  miH  in  j  pocit  contliiion  gtpcrajjy.  Slie  complained  of  Icucorrhoca, 
anU  an  irregular  awA  uL)M.li»r.iclarjr  men^UUAILun,  that  was  usually  attended  witli 
niudi  pain  and  an  ex.ces>>ue  n>>.v«  She  incidentally  uteiitioned  that  &hc  had  a  tumor, 
but  supjxf^cd  notliiiig  could  be  done  for  )t. 

I  examined  Uer  nrn)  found  wlmt  3p[}ear£d  to  mc  to  be  a  submucous  fibraiJ,  iha( 
had  disieoded  ihe  uterus  to  a  con^^idernble  decree.  I  first  mtroctuccd  into  tlie  vji^inn 
a  mct3.l  clectrcKlc  prujjcrly  covtrpil,  aiul  concentrated  a  turTcnt  of  hfly  and  finally  of 
seventy  live  miUomperes,  as  nearly  aspufisiMe  through  the  fibroLd  mass,  Tlih  I  re- 
peated twice  a  week  for  n  month,  and  aUhough  the  apprtsciablc  dlmintilion  in  si^e 
was  but  verjr  alighl  indeed,  tbere  wa&AU  iiitdoubtcd  improvement  In  tHe  character  of 
the  two  men.uriiaitons  (hat  occurred  in  the  meemtlme. 

]  now  intr^iduccd  a  needle,  iiisula,lc<.i  to  within  half  an  inch  of  the  point,  wetl  mto 
the  lumar,  placing;  the  broad  external  electrode  over  ihe  abdumen.  Tbe  needJt  was 
tzonneclcd  with  ifae  negative  pole^  and  the  strcojith  of  current  gradually  iiiarcu<icd  to 
Afty  miUiampercs. 

One  week,  subsequently  I  used  ?^  ctirrent  of  seventy-five^  tncrea^ing  it  at  the  Liurd 
treatnenl  to  one  hundred  mllliamperes.  rkt  iutcrvaU  of  a  week  t  made  four  more 
applications  similar  lo  ihc  lajt,  with  the  result  of  so  reducing  the  siic  of  tbe  tumor 
as  to  Eead  me  to  the  l>elicf  that  it  was  not  more  than  one-half  its  original  1 
th«n  found  it  difficuh  to  Further  tbe  needles,  and  for  two  months  more  resorted 
every  few  d^iy&Iu  appticaliuiis  such  as  were  first  attemptDJ.  This  patient  may  nuw 
be  consuJcred  well  so  far  n£  lier  symptora&  are  concemcil.  The  tumor  has  by  no 
mcan^  entirely  tlisappeared,  biU  she  suffers  no  mure  either  fjom  dysmenorrht^  or 
menarrhagia,  and  can  freely  engage  in  exercise  axid  manual  labor,  almost  equit  to  her 
best  days. 

Peri-Uterine  Jla-matoceU. — These  tumors  have  been  treated  success- 
fully by  Apostoli  by  means  of  the  chemicil  caustic  action  of  the  nega- 
tive pole,  A  noti-retractile  fistula  is  thus  made,  the  tendency  of  which 
is  to  remitn  open  and  with  adhesions  belwecti  the  pathological  cavity 
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and  the  external  mucous  lucmbrdini:.  The  nuiriiion  of  these  patboIogK 
ciX  cavilles  is  moditied  by  ih^  ^lectroiytic  action,  and  leads  to  rapid 
retrograde  iiietarnorphosLs.  The  method  is  quick  m  its  actiontaod  iic 
claims  for  it  perfect  safety, 

UUrin^  /Jyperpi(tsia,^\xi  the  treatment  of  tJiis  ordloarily  JDtiactiUe 
condition  the  persistent  use  of  the  galvanic  current  accouiplishes  oiuch. 
lioth  intra-  and  eKtra-uterine  ai>i>licaiions  may  Lo  uicd,  but  llie  laltrr 
att^  quite  a&  efficient  as  the  former,  and  less  liable  to  produce  unplcas- 
Ant  effc^ctg.  l\y  applying  the  electrode  to  the  cervix,  and  as  closely  u 
possible  to  the  body  of  the  uterus,  witiiout  cnterirn;  tlic  cavity,  we  da 
not  indeed  get  as  direct  an  effect  as  by  intxa-uterine  apL>Ucatious,  but 
this  disadvantage  is  more  than  balanced  by  the  far  greater  slxeogih  of 
ctnrent  that  c^n  be  uied.  Electrolysis,  however,  is  the  mast  effective 
inelhoJ.  Oiie  or  two  needles  may  be  thrust  into  the  hardened  tissues 
parallel  to  the  canal,  and  a  current  of  from  fifty  to  seventy  five  railU- 
amperes  used. 

Sffnosis  of  thf  Uurine  Canal. — In  stenosis  of  the  uterine  can;il  the 
action  of  the  galvanic  current  15  inust  valuable,  and  in  nianv  cases  is 
sulftcient  to  afford  ci>m[)iete  relief.  A  sound  of  the  proper  sue  Itavinj; 
been  introduced,  it  is  connected  with  the  negative  |>olr^  the  ixwttve 
being  applied  to  the  abdomen. 

A  strength  of  from  Afty  to  seventy-five  miitianiperesi  coniinticd  for 
five  minutes,  will,  as  a  rule,  be  found  sufficient.  In  my  own  cases  the 
iiucnbcr  of  applicatL(>ns  that  were  found  necessa.ry  to  effect  a  perma- 
nent cure  ranged  froru  six  to  twenty-five. 

Congfsthn^  Mnlar^^^tfunts^  DisphcemenU^  and  Ah&phy  of  the  Uteruu 
— Tripier,  Beauvain,  Seller,  Fano,  Beau,  and  ourselves  have  treated 
engorgements  and  flexions,  jirolapsus  and  atrophy  of  the  utems  by 
electricity.    Both  llie  galvanic  and  faradic  currents  are  employed. 

The  occasional  results  obtained  in  prolapsus  uteri  arc  to  be  «• 
plained  partly  by  the  chemical  and  mechanical  effects  of  the  current 
L>n  the  structure  of  the  uterus,  and  partly  by  its  tonic  elTecls  on  the 
ligaments  and  vaginal  walls. 

TrenintenL — In  the  treatment  of  the  various  displacements  of  the 
uterus,  the  application  must^  of  course,  be  varied  with  the  morbid  con- 
dition. Special  rules  cannot  be  given  in  any  detail;  each  case  mutt 
be  studied  by  itself 

According  to  Tripier,*  chronk  metritis  and  enlargement  of  the  uterus 
is  best  treated  by  applying  the  uterine  electrode  ag^nst  ibe  os,  wui 
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connecting  the  other  pole  (bifurcated)  with  an  insulated  rectal  electrode 
in  the  rectum,  and  a  sponge  electrode  over  the  abdomen* 

Proiapstis  uUri  the  s&iiie  author  treats  by  applying  the  uterine  clec^ 
trode  against  the  os  and  connecting  the  other  pole  (bifurcated)  with 
two  sponge  electrodes,  one  on  each  groiti. 

For  anicversian  and  antffiex'wn  lie  introduces  the  negative  pole  into 
the  rectum,  where  it  can  act  more  pODferfully  on  the  posterior  part  of 
the  uterus,  and  the  positive  in  the  vagina. 

For  r^fraversion  am/  reirofiexion  he  applies  the  positive  pole  in  the 
bladder  or  over  the  abdomen,  while  the  negative  is  applied  to  the  os 
by  the  uterine  electrode,  an  air-pessary  having  first  been^  put  into  the 
rectum  to  elevate  the  fundus. 

By  properly  insnlating  the  electrode  the  current — faradic  or  galvanic 
—can  be  localized  in  any  restricted  portion  of  the  uterine  canaL 

The  treatment  may  be  regarded  as  an  important  adjavani  in  all  re- 
bellious cases  of  engorgement  and  atrophy  of  the  uteius  or  of  its  ap- 
pendages and  of  uterine  displacement,  and  especially  of  those  that  are 
associated  with  general  debility.  The  contracting  influence  of  the 
electrical  currents  over  involuntary  muscle  is  a  strong  physiological 
argument  in  favor  of  the  use  of  this  remedy  in  uterine  engorgement 
(see  chapter  on  Involuntary  Muscles  in  Electro-Physiology), 

Tripier*  details  thirty  cases  of  various  phases  and  complications  of 
uterine  disease  treated  by  localised  faradization. 

Of  antfflfxion  and  antei'ersion  four  cases  recovered,  two  were  im- 
proved, and  in  one  case  no  result  was  obtained. 

Of  retroversion  and  retrafl^xim  one  case  recovered,  one  was  im- 
proved, and  in  one  case  there  was  no  result, 

Oi  engergement  two  cases  recovered. 

Tripicr  further  nbsirved  very  marked  effects  cn  the  general  sysiemt 
and  set'ere  sympiams  of  hysteria^  neuralgia^  and  nervousness  were 
greatly  am€Horated>  If  general  faradization  and  central  galvanization 
had  been  employed  these  constitutional  effects  would  have  been  mtich 
more  marlted. 

Irritation  and  Congestion  of  the  Ovaries. — Irritation  and  neuralgia 
of  the  ovaries  accompanying  hysteria  are  treated  electrically  with  ad- 
vantage. Congestion  of  the  ovaries  is  also  similarly  treated  with  ex- 
cellent result— at  least  for  the  relief  of  the  symptoms. 

Intra-Uierim  Galvanie  Pessaries. — The  attention  of  the  profession 
was  called  to  the  use  of  galvanic  intra-utcrine  pessaries  by  Sir  J,  Y, 

•  Aiinale»  dc  I'Eleclro-Thcrapw,     20a  et  scq.  |S6^ 
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isinip^on.  The  instrument  which  he  employed  was  composed  of  a 
|jiece  of  zinc  at^d  a  piece  of  copper  fastened  together  into  A  shape  and 
size  suitable  for  entrance  into  the  uterine  cavity. 

As  thus  consirucicd  the  instiumenl  wj-sstlfTaml  unyielding,  and  mat 
uoi  adapted  for  ihe  various  states  of  uterine  flexion.  Thi*  (oim  <rf 
pessary  Prof.  T.  G.  Tliojnas*  has  greatly  modified  by  &id>&tjmtii]!g  for 
the  single  pieces  alter naic  bead?  of  fine  and  copj)eT,  which  are  ar« 
ranged  on  flexibte  wire  inserted  in  a  rubber  bulb  (Fig,  11$),    Thia  iiw 

tstniment  we  will  still  further  improve  by  trisulafmg  >hc 
wire  on  which  the  beads  of  zinc  and  copper  are  strung, 
except  at  the  extretnitiest  where  it  i»akes  metallic  con- 
nection at  one  t^nd  with  the  zinc,  and  at  the  other  wkb 
ihe  copper  bead,  thus  forming  a  miniature  voltaic 
with  a  completed  circuit 
KiG.  115.         When  ihis  contrivance  is  closely  embraced  by  the  lio 

Intra-Uicrine    membrane  of  the  uterus,  and  ihoroUEbly  moistened  by  ihc 

Galvanic  Pes-  .       ^  ^         ,  -       ,  .  , 

^2xy.        uterine  niuds,  a  feeble  current  iS  unqueslionably  generated. 

When,  therefore,  such  a  galvanic  pessary  is  in  sUu  it 
is  probable  that  the  very  feeble  current,  a:i  it  passes  through  the  metal- 
lic beads,  may  traverse,  to  a  limited  extent,  the  folds  of  theliping  mem- 
brane of  the  ulerns,  which  presses  between  theni.f 

Dr.  Thomas  assures  us  that  in  anienorrhcea  t^ositive  therapeulhca] 
results  have  been  obtained  by  the  use  of  this  pessary  ;  but  is  usable  to 
say  whether  the  tesuUs  are  due  to  the  mechanical  effect  of  the  metals 
or  to  the  action  ot  the  current. 

Dr.  Peaslee  also  has  seen  ^vorable  results  from  the  use  of  ihe  same 
pessary* 

Dr.  Murray,  quoted  by  Althaus.J  has  used  Simpsou'&  intra- uterine 
galvanic  pessary  wiih  success  in  cases  of  sub  involution  of  the  uterus, 
where  the  os  is  open,  the  lip?  thickened,  and  the  whole  organ  flabby 
with  excess  of  iQenstruation  and  disagreeable  di&charge.  la  one 
tnarkiedcaie  a  fortnight's  use  of  this  instrument  reduced  a  flabby  utem 
"  nearly  to  its  normal  and  heahhj-  condition." 

♦  A  Practical  Treatise  on  ihe  Diseases  of  Woiociu    Second  edilion,  p.  50CV 
f  The  white  caayuta  that  are  observed  after  the  npplicalion  of  lhi&  pcssuy  arc 
cnu^  by  the  chemlicftl  Action  af  the  caircnt  on  the  lotrirutcrinc  fluids* 
I  Op.  cit.,  p.  631. 


CHAPTER  XXVIII. 


DISEASES  OF  CHILDRSH. 


Thr  diseases  of  children  in  which  electricity  has  been  found  of  ser. 
vice  are  the  following: — 


Treatment,— Chores,  has  been  successfully  treated  by  a  variety  of 
methods  of  Hectrizalion — by  frictional  electricity^  peripheral  faradisa- 
tion,! '^^'^  galvanisation  of  the  spine^t  and  in  otir  bands  general  faradi- 
zation and  central  galvanisation.  Successful  rcsidts  have  been  gained 
by  all  these  methods.  We  have  found  general  faradisation  and  ccntraJ 
galvanisation  alone  so  successful  in  cases  of  general  chorea,  that  we 
have  but  rarely  had  occasion  to  experiment  with  other  methods. 

Our  success  with  general  faradization  in  chorea  is  probably  to  be 
accounted  for  partly  by  the  muscular  exercise  that  ts  derived  from  ihia 
method  of  treatment,  as  well  as  by  the  tonic  action  of  the  current  on 
the  nervous  system.  Choreic  patients  do  not  usually  bear  strong  cen* 
tral  galvanization  or  protracted  sittings ;  the  milder  influence  of  the 
faradtc  current  is  preferable  to  the  galvanic,  unless  the  latter  is  used 
with  considerable  caution.  Bcnedikt  claims  to  have  been  unifomily 
successful  in  more  than  twenty  cases  of  chorea  by  galvanisation  of  the 
spine.  He  used^  however,  but  a  small  number  of  elements,  and  the 
length  of  the  sittings  was  not  more  than  one  and  a  half  minutes*  Oihet 
ob&ervers  have  not  been  so  successful  with  this  method,  Meyer  reports 
unsatisfactory  results  with  galvanization  of  the  spine  in  two  or  three 
cases,  g  It  is  [>robabIe  that  the  success  of  Benedikt  with  galvanization 
of  the  spine  was  due  to  the  very  great  caution  which  he  exercised  in 
regard  to  the  strength  of  the  current  and  the  length  of  the  sittings^  aj 


Chorea, 

Who  oping-Cough, 
Cholera  Infantum, 
Laryngismus  Stridulus,* 


Marasmus  and  General  Debility, 
Incontinence  of  Urine, 
Vomiting, 
Infantile  Paralysis. 
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he  himself  tkclares  '.hat  the  symplotiis  were  aggravated  if  the  niinitei 
of  elements  were  much  increased.  Tor  hemi-chorea  Benedilci  rccom 
mends  galvanisation  of  the  head.  We  prefer  for  all  cases  of  chorea 
general  faradization,  occasionally  varied  by  central  galvani/alion,  with 
very  mild  currents,  and  believe  that  this  method  of  trealinent  faithfuUv 
used  will  do  all  that  can  be  done  for  this  (Jisease  through  electnciry. 

Prognosis. — Iti  regard  to  the  prognosis  of  chorea  under  electrical 
treatment  there  has  been  considerabJe  skepticism,  even  among  ihqsc 
who  are  friendly  to  electro  therapeutics.  This  skepticism  has  been  du< 
to  the  fact  that  the  majority  of  cases  of  chorea  recover  spontaneous!} 
in  time,  and  because  their  improvement  under  electricity  is,  in  sorae 
cases,  quite  slow. 

Aside  from  the  well-known  fact  that  many  cases  recover  spontaneously 
in  the  course  of  a  few  weeks  or  months^  direct  and  positive  results  of 
treatment  cat>  be  appreciated  in  this  disease  more  uniformly  than  tn  any 
other  spastic  condition.  Cases  of  failure  after  protracted  treatment  by 
electricity  are  exceptional.  The  worst  cases,  when  recent,  sometimes 
seem  to  yield  better  than  those  which  are  comiiaratively  mild. 

Partial  chorea,  affectitvg  the  eyeh'd,  the  muscles  of  the  neck,  or  a  sin- 
gle limb^  or  group  of  muscles,  is  more  obstinate  than  a  much  worse 
form  of  general  chorea.  The  explanation  of  this  inconsistency  is  that 
patients  affected  with  partial  chorea  are  apt  to  delay  weeks,  months, 
and  years  before  taking  treatment.  Recent  cases  we  have  found  to 
yield  almost  uniformly.  All  long  standing  choreic  cases  need  to  be 
treated  perseveringly — from  one  to  several  months  being  usually  neces- 
sary 10  complete  a  cure-  In  some  cases  no  ajiparent  improvement 
takes  place  at  the  outset  of  electrical  treatment,  and  the  friends  of  the 
patient  become  discouraged  ;  but  if  the  treatment  be  continued,  a  per- 
manent cure  may  be  ohtained.  Symptomatic  chorea — dependent  on 
cerebral  or  cerebellar  disease — offers  an  unfavorable  prognosis. 

General  ichorfa^  with  mnbiHty  <sf  tht  pathtit  ta  waSJkf  f^ni  himjttif^  or  dhfinxtfy 
tp<iih — R(cm>try  under  fenSral  galzmttiMtian^  after  the  jfatlurt  0/  gen4fr&t  f^t^ 
dization  and  medkalion. 

Case  CXXX. — Master  S.,  a  little  boy  about  ten  yoftra  old,  ciime  to  as  tbn>^ 

Dr,  J.  O.  Farrington* 

Tlie  patient  hnil  for  some  lime  suffered  from  ^nert,!  chorea,  of  a  decidvJ  chjrftcrer, 
hut  "iuring:  tlie  last  Tew  weeks  St  ha'l  so  incrci^cd  in  severity  tliat  he  was  naahle  to 
wu^k,  or  even  feed  himself.  All  his  exlremitics  as  well  as  the  face  were  in  cori'fanl 
motion;  hu  utterAiice  was  indistinct^  a.nd  in  weight  he  bad  dccreaaed  very  uiucb. 
There  was  no  ber^^ltur)'  tendency  of  iMs  chRracter  in  tfte  family,  smil  the  only  ousf 
to  wl^ich  the  symptoms  could  plausibly  be  attributed  was  a  fnll  from  a  horsc^  «hSc# 
levercly  jvre<T  ^im,  s^nie  weeks  before  the  disease  oiaiiifesteJ  itself. 
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The  tratment  was  vnried.  Fowler^*  so'.uiion  and  certain  other  remslie^  which  w« 
da  not  now  recmll»  li^d  been  faitliruUy  tric^Ot  but  wtlh{^\it  o«nc6c.  begun  wilh 

mild  general  forutuation,  but,  Ji4  tbc  results  did  ant  aci^rd  viith.  our  upeclatiuos^  we 
abandoned  it  and  essayed  very  genlEe  central  galv^jiu^lion, 

Durui);  the  Brst  week  of  thL>  Lrea.tmcnt  no  apprecuble  benefit  seemed  to  be  derived, 
eniL-tf^jt  an  miprovetnem  in  steep. 

Soon  after  this,  liowcver,  [he  cffccl  ghscrvcd  wits  decided.  His  appetite  iMKama 
belter,  resulting  oaturilly  in  iucreawd  weight  ;  co-ordinalion  of  movefncnt  rapidly 
became  po^ible,  the  utterance  dtsiinct,  and  in  a  Tew  weeks  recovery  was  complete. 

Trcatinent  was  di5cominue<1  in  Februaiy,  1S71,  and  to  thb  date  ihere  hus  been  no 
endcncc  of  a  return  of  the  disease. 

CJktiria  of  tet*  martths'  itandirtg^  of  the  Itft  stdt  and  right  arm,  in  jS  giri  9/ ^JWvm— 
He^pvtry  in  ifn  w^iJh  under  eentrat gatvani^aiiifn. 
Case  CXXXr— M.  R,»  »  little  girl,  dgcd  eleven,  was  dircctetl  lousbyDr.  H.  H. 
Grcgoryp  of  Harlem.  Some  ten  iitonth^  before,  the  mother  first  uliscrvcd  &Jight  con- 
vulsive twitchings  of  the  Lcf\  hnJid,  which  gradually  increased  in  M^vt^rity  until  in  s  few 
weeks  the  member  was  quite  useless  In  two  or  three  munths  the  left  leg  became 
chorek,  and  won  after  the  disorder  extended  to  the  right  arm.  }t  was  one  of  those 
casern  which  gbsliimtcly  resist  onlinary  inlernal  medication,  and  wa.s  hence  considered 
a  fair  opfiorlunity  to  test  the  TU-tues  of  central  galvanization.  Tiie  treatment  wa* 
given  every  other  day*  bnC  for  three  weeks  no  apparent  impress^ion  was  made  upon 
the  diicase. 

Uuriiig  the  fourth  week  the  symptoms  somewhal  abated,  and  from  this  time  forth 
the  improvement  was  uninterrupted,  until,  in  ten  weelu  from  the  begiimuijg  of  the 
treatment^  recovery  was  perfect, 

Ch&rtii  diUurbantt  0/  the  head  of  fit/e  months*  duration — Rcarvery  under  lets  that* 
tu*eh't  aj*plieatiem  of  generai  faradixttfion, 
Casb  CXXXtl. — Minnie  V.,  aged  S  years,  hul  been  affected  for  five  months  wHh 
severe  and  atmost  constant  ncrvou<i  twitchings  of  the  head.  They  were  evidently  choreic 
in  diaracter,  occurred  without  the  consciousness  of  the  childj  an  J  during  sleep  were  en- 
tirely wantiJijg*  The  patient  woii  sumewbat  deprcs&ed  in  health  and  decidedly  anjeniic^ 
and  we  therefore  Eubmittcd  her  to  general  faraduation.  Utider  the  influence  of  lem 
ihan  a  dozen  applications  &)ie  gaioed  m  ap^^iettte  and  strength.  The  choreic  disturb- 
ance became  decidedly  marked,  and  after  the  cessation  of  the  ireatmenti  for  the 
purpose  of  allowing  the  secondary  cflects  to  be  manifested,  it  was  not  more  than  tea 
days  before  recovery  was  complete: 

Chorta  of  a  y eat* J  duration — I mprovemtHt  during  trtatntenl,  and  r&pid  rtewtry 

after  its  eejia/ien^ 

CaseCXXXIII. — A  little  boy  ofa  delicate  organization  was  sent  to  us  by  Geo, 
Peters.  The  child  had  been  affected  with  general  choreic  movements  of  a  decided 
*htittgh  nol  severe  character  for  a  little  more  than  a  year  I'he  tneclunical  eAccts  of 
the  faradic  current  seenrting  to  disagree  with  tlie  patient,  we  laibmilteil  hiin  to  mild 
t^ancci  of  central  golvaniiation.  Some  fifteen  applications  were  admintjitered  during 
the  month  which  resulted  in  some  improvements  At  this  ^tagc  the  ircalmenl  wni 
Dccessarily  interrupted,  but  the  improvemcuE  continued,  and  la  a  few  wedu  tb< 
recovery  waat^uite  complete. 
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In  not  a  few  cases  of  chorea  ihe  beneficial  effects  of  electrical  trett 
luent  becjuue  manifest — as  in  the  above — afler  cessation  of  the  ApplicA 

tion& 

Srzfcrf  cAarea  sit  a  girf  tevert  yrari  of  age—^Lest  than  Jtiuttl  s^HJtfivrit^J  om  tkt  ktm 

Ca^SE  CXXXIV,— J.,  [1  girl  seven  years  of  age,  was  lirought  for  iteAtmcM  bj 
general  clectiizaiLon  in  Sc^>(eiiiber,  i.^6S.  She  ivas  pale  mid  «Iender,  but  i|ailc  L&ll  for 
her  Aye.  Fur  etf^ht^et;]!  mDnllis  her  growlh  hod  liecn  Temftrkjl.bly  rajfiad,  uJ 
to  this  fact  Lhtf  mother  iiiLUned  to  attribute  ihe  disease.  The  parent*  Im 
noticed  »jme  twitching  of  the  left  hand  in  the  TfiH  of  1866,  htit  db!  not  at  tbe  tisM 
^veit  particular  atteiUion.  The  choreic  symptum^  rapvlly  mcren£«d  to  sooh  an  «■ 
tctitj  however,  that  they  1>ei::ime  aUrmedp  and  applied  fur  medical  irealmcnt.  Bat 
In  Fpiitf  of  persistent  internal  medication,  ihe  want  of  power  to  co-ordinate  lisr  worn- 
merits  grew  more  marked^  and  the  symploim  exlendcd  to  her  litnbs  miuS  ar^MXSs  of 
speech.  At  the  time  ihat  the  patient  came  under  our  notice  the  choreie  reuitwuiu 
*ere  quite  violent.  The  left  side  -was  coo>iidcrahi>  more  alfecied  than  the  right,  and 
hvr  ajlicuJiLtiou  was  so  indistinct  that  it  was  impossible  for  a  stranger  to  uiKJcniaAd 
wh^t  she  sniiK  We  found  no  difficulty  in  inducing  the  child  to  snhtnit  to  rhe  trcal- 
qieut,  but  the  involuntary  tLgilation  of  the  legs  wa»  so  gtcal  that  it  was  found  mccv 
sary  to  holtl  the  Teet  upon  the  plate  to  which  the  negative  poie  was  attached. 

The  current  was  very  seu&ilively  fielt  uver  the  &taniach»  hut  ni»i  over  any  ocba 
portion  oT  the  body^  It  may  be  remarkedi  hovi'ever,  that  ovet  ihe  hcail  could  b> 
borne  without  disvDinrort  a  current  much  mure  iiitcn&e  than  the  case  in  the  Dornul 
coTvdition. 

The  first  aiid  nccontl  applicationa  resijtcd  in  no  appiecialjle  change  in  her  STntp- 
tom%;  but  at  the  fourth  visit,  ahout  ten  days  after  the  first,  a  |>cTrri«liMe  improiv 
n*eTit  was  noticed.  As  is  usually  the  case  when  a  favorable  result  foltovi-^  an) 
method  of  trcAtment^  the  diminution  of  the  «:burL*ie  muvcmcnt  wi5 ^rst  mamt/tjteJ tm 
tht  Israier  iim&x.    The  progress  towards  recovery  was  very  lapid. 

At  iheHrth  visit  she  could  retain  her  feet  upon  the  pUtc  by  her  own  uniidoJ  cfTurtv 
while  the  application  was  being  made.  This  iinpruvement  had  atw>  cxtcadcd  to  the 
arms  and  face,  and  the  tculh  application*  adiuini^tcrcd  al:>out  a  month  after  the  firu^ 
difv^pated  every  choreic  ^ropLoni.  Theie  was  one  peculiar  and  wcll-niaT^ed!  fe&ture* 
which  we  observed  in  tbiJi  as  wctl  ai  in  several  other  casea^  We  refer  to  the  in- 
tensity of  the  current  used  wlien  appUcatloiis  were  mode  to  the  head,  tUe  diseax 
advanced  lowarct  recovcryt  such  applications  became  more  and  more  painful,  ao  that 
it  Was  necessary  lo  giAdually  decrease  their  power. 

C4arfa  a/  fa^f  and  arms  in  a  hd  troftvt  yeart  of  agt^  deftndtnt  an  mental  imjb^ 
inces — ^ftffVfty  under  iaraliMtd fttraditation. 
CASE  C  X  X  X  V.  - 1  n  December,  1 866,  a  lady  brought  to  U5  a  I  il  I  ie  boy,  nged  1 1  ire*r% 
to  be  treated  for  symptoms  that  were  soTnewhat  ftiitimalouSf  yet  not  of  a  cimraictfi 
ftifTidently  marked  to  enable  u&  lossy  positively  that  St.  Vtius^  dance  proper  ntstcd 
While  in  perfect  repose,  aJid  eveu  when  engaged  in  play,  study,  or  conrermtioo,  il 
there  was  nothing  lo  excite  or  alarm,  he  exlubited  nothing  ununial  in  W»  movemcJiU 
If,  howevrc,  he  failed  in  his  recitations,  was  scolded  by  his  parents^  or  If  1)«  bocMSi 
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esdted  in  MspU^,  qt  was  abc^hed  by  ih«  notice  of  a  stranger^  some  i>ecuUiir  sfmp' 
toms  became  immediately  manifest.  The  muscles  of  the  face  became  convulsed,  and 
at  times  the  twitching  was  quiie  violent,  so  that  hi^  appearsAce  was  grotesque  in  iht 
extrcine^  RapicS  contract  ioris  of  the  masd«  of  the  arm  also  occurred.  These  were 
Dxost  jioticeabi^:  in  the  biceps  and  flexors  of  the  hands  oad  ftn^r^. 

The  chilli  was  to  all  appearance  pcrfecdy  hcoltliy^  audi  was  of  a  Uvely  and  £,enial 
dupoBltioa, 

This  disorder  of  the  nervous  ftmctioa  had  existed  some  four  or  five  months,  that 
conadtfrable  iinenMnes^  was  excited  in  the  nainds  of  the  friends  of  the  patieat.  As  he 
Hvcd  a  consiJcrahle  dl^tauce  from  the  dty,  A})plicatiQUS  were  given  <^iy  occastohally* 
M  faU  attendant  found  it  con^'^nient  to  bring  him.  During  the  course  of  a  month  the 
boy  viuted  some  five  or  kx  tioaeSi  and  a$  he  was  suffering  from  no  debility,  we 
jud|£ed  it  to  be  sufficient  to  mal:ethe  applications  only  to  the  ports  affectedi  and  not 
to  extend  them  over  the  uhole  surface  of  the  t>ody.  The  lesuit  of  this  irregular 
treatment  was  successful,  since  all  the  abnormal  movemenis  to  which  he  had  been  so 
featliEy  liable  on  exposure  to  any  excitement  became  less  and  lc£&  mRiked.  At  tbs 
cud  of  the  moQtb  he  left  us  cored. 

jtir  Qg^avattd  <a^f  v/  e^rta  rarif/  the  nction  pf  tki  gahnimCf  tnt  yields  tQ  ^entrai 
M^tftriaaiuM  totiA  Ikt  /aradie  ctirrttti — Rtlapsf^t  and  again  rtcavert  under  tht 
lami  (realm  mi, 

CjtsuCXXXVl. — A  little  patient,  aged  tcyearft,  under  the  professional  care  Dr, 
J.  O.  Farrtngton,  prc*entefl  the  severest  symptoms  of  chorea. 

Prof.  Georije  T,  Elliott  ^^  as  called  in  consultation  May  J  8,  lS6S,  Msd  by  th«e  gen- 
tlemen eleclrlcul  treatment  was  advised. 

Some  two  months  previous  lo  the  constdtatioii  certain  abnormal  movements — such 
as  stajting  suddenly  to  bis  feet,  throwing  out  a  hand  or  a  foot,  etc, — were  observed 
by  the  tocher  of  the  boy.  Two  weeks  subsequently,  the  patient  was  seited  with  well- 
marked  cliorcic  syq^tptonis  of  the  right  »tde  of  the  bcydy,  and  in  two  days  the  disttub- 
aiice  extcntlcil  to  the  opposite  aide.  So  constant  and  violent  were  the  movements  of 
his  arms  ajid  It^  that  it  wns  impc^i>ible  to  keep  him  on  -i>  bed  or  sofa^  It  was  neces- 
sary to  place  him  on  the  carj:>et,  aunounded  by  inflated  rubber  bags.  Intellieence 
sectned  to  be  perfect,  but  the  power  of  speech  was  tost  and  the  sufferer  made  known 
his  wants  by  impatient  cries  and  ill-dtrrcted  motions. 

Sleep  was  impossible  without  the  nightly  admmistr&tiori  of  an  Dpiiile,  CQntrary  to 
ovf  JadgiiMnt,  but  by  snggestion,  we  commenced  trefltmeot  by  the  use  of  a  mitd  gal> 
vanic  current  directed  especially  to  the  base  of  the  brain  and  the  spinal  tract  ;  but 
this  method  served  Only  to  aggravate  the  child^s  condition.  We  then  resorted  to  ibtt 
faradic  current  by  the  method  of  gcnctaj  clcclruation,  but  so  violent  were  the  invol- 
untary movements  in  the  limbs  and  body  of  the  pattenl,  that  it  was  with  difficoltjr 
that  he  could  be  held  In  a  sitting  posture  and  his  feet  kept  on  the  copper  plate  to 
which  the  ne^tive  pole  was  attached.  The  applications  were  ^^Jv^rdA-^very  por* 
(ton  of  the  body,  from  the  head  to  the  feet,  being  influenced  on  each  occasion. 

Improvement  was  manifest  from  the  very  tiriit.  He  was  at  unce  enabled  lo  sleqp 
ioundly,  althouirh  his  opiate  was  reduced  one-third,  and  after  the  fourth  appli:atio& 
il  was  dispensed  with  altogether.  In  the  course  of  three  weeks,  during  which  linn4 
^fteen  appticntious  were  given,  the  case  was  to  far  imjMvvcd  that  the  patient  vas  «b)i 
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to  utter  distinctly  words  and  sentences.  The  choreic  tymploms  were  so  raudi  diodn 
tshed  IhAt  the  boy  could  rendily  sit  quid  and  alone,  and  during  nn  appUi:fttion  v« 
able  to  coinm^Eid  tlic  movements  c»f  hiii  body  and  feet.  Improvement  cuntiiitteci  diir* 
ing  the  admiiiistratlDh  of  a  few  more  applicatiDnSv  when  tlic  child  wiu  lAkcn  to  the 
N;fl-!kbore,  where  in  two  wecksi  he  quite  recoveretL  After  iiaviog  etijoyed  cxoeQent 
health  for  a  yesur  and  a  hdf,  the  boy  suffered  from  a  aecood  attack.  He  was  b&iae' 
diatdy  subjected  to  the  ixittuence  of  eleclTLEatioa,  and  recovered  even  more  tajwQif 
than  before. 

Afarasmus  and  General  Debility.  -^In  the  trea^tment  of  marastnus  aod 
general  debility  of  children,  Dr.  Bjard  has  recently  made  a  scries  of 
experiments  at  tlie  Shelteritig  Arms  Institution  in  Brooklyn,  uhidi  ii 
under  the  medical  charge  of  Drs,  Jerome  Wajker  and  Prank  RocIcwcIL 
In  addition  to  this  hospital  experience,  Dr.  Rockwell  has,  in  private 
practice  tnore  esi)eciaUy,  had  very  many  opportunities  of  testing  the 
efficacy  of  the  various  forms  of  electricity  in  the  diseases  under  con&jd- 
eration.  In  these  investigations  a  number  of  marasmic  cases  and  of 
cases  of  debility  of  various  kinds,  sotne  of  a  iiiost  serious  character,  were 
treated  by  general  faradization*  and  with  niost  pleasing  results.  The 
remarkable  improvement  in  nutrition  that  the  young  of  aniraaJs  may 
derive  from  general  faradization  has  already  been  described  (see  chaptei 
on  Nutritionj  in  Electro-Physiology), 

Two  important  facts  were  brought  out  and  confirmed  in  these  exper- 
iments ; — 

I.  That  very  young  children — under  oae  year — could  bear  as  Urge 
doses  of  general  faradization  as  adults* 

a.  That  the  recognized  tonic  effects  of  general  faradization — improve- 
mcnt  in  sleep,  appetite,  and  in  rapidity  and  vigor  of  growth — arc  appre- 
ciated by  infants  even  more  rapidly  than  by  adults. 

Cases  that  were  fast  failing  were  restoredi  and  in  one  or  two  iD&tances 
life  was  apparently  saved  by  the  treatment. 

Matasmui  in  a  child  agfd  f^nr — Recoifery  undfr  general /a^adivttioit  tj/^ier yitUim 
of  th£  (UiipUti  methods  of  (reatment. 
Case  CXXX Vli.— F.  C,  a  little  boy  aged  4,  had  been  pro&tmted  for  Eorae  dmc  wili 
dlurhccal  lEjmptom&with  fever.   These  symplonis  became  modified  under  trcatracnt ; 
bat  the  child  coQtioued  excessively  weak,  with  no  appetite,  with  paroxysms  of  fever- 
Uhness,  ajeeplessness,  profuse  nighl-swcits,  and  pragrfssiz'e  emaaatiou.   No  form  of 
medication  se«med  of  much  service  ;  (ind  ns  the  condition  of  the  p^rient  liad  aasumcd 
&  chronic  character  and  clsrly  pomied  to  disieaseof  the  mesenteric:  gland^  Hccirtctty 
tras  adviaed  by  both  Drs.  II,  H.  Gregory,  the  attending,  and  the  late  Geo,  T.  HtUot, 
consulting  physidan. 

We  submitted  the  little  patient  to  general  faradization  carefully  but  iborongh^ 
^pLiedL    In  one  respect  ita  efTecia  were  immediately  and  decidedly  evidenced. 
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The  siecp  wils  bettered  (he  profase  perspiraEion  very  markedly  diciicd.  Tot 
SIX  weeks  ttiji  (realmcni  was  repealed  every  uij^ht,  and  wKilc  there  was  no  rapid  proK" 
rc^  tuwards  health,  yd  Trom  the  beginning  of  treatmiMit  the  improvement  wu  gradual 
and  uniiitcfrupled  uiitil  tUe  recovery  wa^  complete. 

IV/tooping-Cot^gh. — In  the  instiiudoD  nientlonqd  on  the  preceding 
page,  and  in  private  prai:iice,  sixteen  cases  of  wtiooping-coitgh  in  various 
stages  of  the  disease  have  been  treated,  mainly  by  central  galvanization. 
The  result  was  improvement  iu  every  ca^e-  The  paroxysms  were 
diminished  in  frequency  and  violence,  and  in  some  Instances  die 
length  OL  the  diBtresslng  i^tage  of  die  dist^ase  was  shortened. 

In  cases  complicated  with  debilit)'  there  was  iinprovement  in  general 
nutrition.  In  one  case  where  great  debility,  resulting  from  congenital 
syphilis  existed,  the  injpruveiueui  in  gencrai  nuuitjoii  was  most  striking; 
and  in  chat  case  general  faradization  was  mainly  used.  In  mi>5i  of  the 
cases  treated,  the  usual  medication  in  wide  variety,  including  quinine, 
had  been  tried.  All  medication  was  stopped  shortly  after  the  elecfri 
cal  treatment  was  adopted. 

lmon(hi€n^€  l/rmtT. — This  very  distressing  infirmity  will  somelunes 
yield  to  local  or  central  galvanization,  but  the  good  results  that  are 
i/btatned  by  these  methods  of  treatmciit  are  not  always  permanent. 

In  conjuction,  however,  with  other  tonic  reuicdies,  it  h  undoubtedly 
1  valuable  aid  in  the  treatment  of  this  disease. 

In  cases  where  there  is  an  almost  absolute  want  of  control  over  the 
bladder,  the  local  aL)])1ication  of  the  faradic  cuiTent  is  strongly  indicatet]. 
and  will  frequently  alleviate  the  symptoms. 

The  following  case  is  ilhistiative  of  the  good  effects  that  may  occa- 
sionally follow  the  use  of  electricity  : 

itiCiiuthutue  0/  urtnt  ttnft  hirth  tn  a  e^Ud  ^^eti  sijt — ^afpt*ery  in  fix  motttAt  under 

Cask  CXXXVlII, — Witlic  a  littk  l*oy.  agcfl  six,  liad  l>een  annoyed,  niore 

or  less,  by  this  want  of  CDntri>t  over  die  bladder  sinre  lib  birth.  He  invariably  wet  his 
beil  at  night,  and  it  was  not  unusual  for  him  !□  meet  with  accidents  by  day.  He  was  a 
fine  healthy  boy,  and  therefore  he  vs%^  ^ubmUted  10  stmpte  localued  faraduatlon. 
The  Treatment  was  not  l^ept  up  very  regularly,  but  once  of  twice  a  week,  as  he  b.ip- 
jiened  to  vuitt  (he  olfice.  Id  atxiut  a  muiitli,  \a%  mother  ubst'erv^d  a  very  decided  im* 
priivement.  The  iuiprfn*eiiieiit  sluwly  coiitiittied,  and  in  the  cotirfieof  six  montb$  the 
pjitieot  vexoed  to  tiave  gai(ie4  grdinaiy  control  over  this  fimction. 

Vomiting  and  ChoUra  Iti/afi/jtrft^^Both  vomiting  in  children  and 
cholera  infantum  are  treated  with  advanta|;e  by  bromide  of  potassitiffi 
and  by  the  tonic  influence  of  sea^  mountain,  and  country  air.  It  wcultl 
therefore  be  jui^t  to  su]ipose  that  thcbc  atftjctions  might  be  success!  ulh 
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treated  by  electricity.  Dr.  Lente,  of  Cold  Spring,  infonu^i  us  be 
has  tiad  excellent  results  in  the  treatment  of  vomiimg  in  childrcD  bf 
faradization.  Dr.  O'Reillcy,  of  Louisville,  Ky.,  reports  good  rtuilu 
from  faradization  in  cholera  infaniuoi. 

Infantik  Paralysis. — Paraly&ts  in  infants,  though  often  of  a  rcl3ci 
rharacter,  is  so  fre(iuently  dependent  on  some  morbid  condition  of  the 
spine,  that  it  uiiglit  properly  be  included  under  spinal  para/ysu.  I-ike 
paraplegia  in  adults,  it  depends  on  a  variety  of  diseased  states  ol*  tbe 
spinal  cord  and  its  [iieiiibranesr  There  iis,  probably,  no  one 
gical  lesion  tiiat  is  pathognomonic  of  this  disease,* 

The  symptoms  of  the  disease  are  paralysis  pf  motion,  with  loss  of  tin- 
trc-mus£ular  contracttUtyy  some  an^ihesia^  great  diminuHi?H  cf  temper, 
ature^  ami  muscular  atrophy. 

In  some  cases  the  muscular  atrophy  is  accompanied  by  fatty  degeik- 
eratioix 

Duchenne,  with  the  aid  of  the  microscope,  has  investigated  the  con- 
dilioQ  of  the  muscles  in  muscular  atrophy.    For  this  purpose  a  trocAf 


Fig.  IJ6 — Duchennc'a  Trocar- 


Fig.  117 — Nocggcratb**  Trcx^r. 

IS  necessary.  Duchenne's  trocar,  Ing.  116,  is  introduced  into  the  in 
open.  When  in  situ^  a  [)iece  of  sharj)  steel  is  pushed^  by  nieans  ■ 
button,  against  the  barb  of  the  trocar.  A  piece  of  muscle  is  thn 
caught^  which,  on  the  withdrawal  of  the  trocar.  Can  be  examined. 

Microscopic  Ey^amifiatien  ef  Muscles. — Noeggcrath's  instrument, 
Fig.  139,  is  introduced  as  a  simple  trocar,  and  when  in  situ^  the  wire  COQ- 
lained  in  it,  being  pushed  forward,  causes  the  prongs  or  clasps  on  iti 
extremity  to  emerge  a  litde  separated.  When  the  wire  is  pulled  oul 
orongs  come  together,  bringing  with  them  a  piece  of  the  fiestt, 

*  For  a  valu&ble  r£sum£  of  the  present  slAte  of  our  knowtedge  of  the  Pttk^gtr^tf 

in/antttr  Partityiii^       the  paper  on  that  Subject  by  Ur.  Mtuy  JfteoU  ia  tW 
Jeumal  of  ObsttlricSi  Alay.  i£74< 
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We  jjresent  tiie  cuts  of  Duchenne,  with  condensed  exjilanatiotifi. 
Kormii  fibre.  /  Flrtt  degree.  , 


Fte. 


Fij;.  118  "represenis  the  normai  fibres,  wilh  ihe  transverse  striit" 
Fiu^  ii^r  I'o. — The  transverse  itrta;  Are  lest  il'tsimd  ;  they  are  fi«qu<nl1f 
brokea  ;  the  lorngiludinal  fibres      more  and  more  marketl." 

Second  degree. 


[21. — ^"The  mtuculftT  Tucia  is  composed  entirely  of  loQfftudinal  fibreti  tlic 

transverse  striae  having  completely  dUappCarcd." 

"  Qy  the  side  of  the  tnu^Ur  Abre  adipuse  lissae  U  otKervfid,  composed  of  celh 
Ihai  fire  t:\i\iet  (it)  round  or  lo&giiiidmAl ;  tbc^e  Are  little  drops  (^)  of  fat  deposiied  in 
the  musculai  fil.re." 

Kit:.  133.— *'Tbe  muscular  fibre*  hare  still  proerved  their  coQtraclility,  wd  uc 
■ndiilaiihi;," 


554  DISEASES  OF  CHILDREN. 

Third  degree. 


figt  124. — '*  The  tongiiudind  fibres  have  become  less  dtslinct'    Tne  ni«]4e 

ciiiei.  of  fat  are  more  And  more  abundant — Again  uover  the  fi^ie  almost  cnlird)." 

Fourth  degree. 


no*  us-  S'lO-  i*fi.  f  Kh  1*7- 

Pl^.  125, — '*  The  lojigiEuiilna]  fibres  bave  disappeared.  We  ice  only  blit 
nioleinilct  very  dox  together  ftod  Qule  dbtinct,  cs|teciA]ly  towvds  llie  uds  of  tbc 
riscia.** 

F[G*  126, — ''The  UX  becomu  more  abandant  4nd  difficult ;  the  mosculu  &s<iab 
more  transparenl.** 

Fig.  127. — *'  Dbtinct  molecules  of  fal  arc  no  longer  perceptible ;  the  ftucM  U  cob* 
po;^  of  a  shapeless  mASk 

"  Each  degree  of  fntCy  transformatiou  corre^adA  to  a  degree  of  decoloration  H 
muscukr  fibre.'* 

£ifciro  Diagn<fsis, — In  infantile  paralysis  there' is  diinimition  or  ulici 
loss  of  electro-muscular  contractility.  In  patients  so  young  the  con- 
dition of  the  electro-muscular  sensibility  cannor  of  course  be  ascertained 


Til*  lactile  sensibility  is  in  some  cases  much  diminished  ;  in  othct 
cases  it  does  not  appear  to  be  affected. 

A  slight  degree  of  ai^xsthesia  cannot  be  ascertained  in  very  young 
patients.  An  important  feature  of  infantile  paralysis  is  that  the  muscle? 
exhibit  contractility  under  galvanization  when  they  are  tiotat  all  affected 
by  faradization.  In  this  disease  especially  both  currents  are  necessary 
in  the  diagnosis  as  well  as  in  the  treatment,  and  careful  regard  must  be 
given  10  the  "  motor  points/* 

In  making  an  examination  of  the  condition  of  the  muscles  of  infants 
it  should  be  remembered  that,  on  account  of  their  flabby  character  and 
the  relatively  large  proportion  of  adipose  tissue  by  which  they  are  sur- 
rounded* [hey  do  not  respond  as  readily  nor  as  perceptibly  to  electrisa- 
tion as  the  muscks  of  adults. 

Treatmrttt^ — Galvanization  of  the  affected  limbs  is  the  method  of 
electrization  that  \%  principally  indicated  in  infantile  paralysis.  In  those 
ca$e3  that  fail  to  respond  to  the  faradic  current,  the  galvanic  is  indis- 
pensable. When  the  muscles  have  regained  their  contractility  imder 
the  faradic  cjrrent,  faradization  may  be  used  either  alone  or  alternately 
with  galvanization. 

Children  will  bear  as  powerful  currents  and  as  protracted  loajliiEed 
applications,  without  ajiparent  injur)%  as  adults  {^ee  p.  550).  No  stronger 
currents  should  be  used,  however,  than  arv  just  sufficient  to  produce 
full  muscular  contractions.  The  m&st  frequent  misttike  is  o%>trdo  the 
trfatmtni — 1&  use  too  itrong  currents^  and  too  long  applications^  and  thus 
•weaken  rather  than  strengthen  the  muscles. 

Galvanization  of  the  spine  is  also  indicated,  and  in  connection  with 
the  peripheral  treatment  should  not  be  neglected. 

In  infantile  paralysis  the  general  health  is  not  necessarily  impaired. 
Those  cases  thai  are  accompanied  with  general  weakness  should  be 
treated  by  general  as  well  as  localized  faradization  and  central  galvani- 
zation. Treatment  by  electrization  is  greatly  aided  by  passive  move- 
ments systematically  and  skilfully  used,  £ham]fOoing,  frictions,  and  the 
application  of  dry  heat  and  hot  water  to  the  affected  linibs.  (See  re 
marks  on  Accessory  Treatment  under  Hemiplegia.) 

Pr(i^msis. — The  prognosis  must  depend  on  the  cause,  the  probable 
nature  of  the  lesion,  the  length  of  time  that  the  disease  has  exit^ted,  and 
the  condition  of  the  muscles,  especially  as  ascertained  by  electric  and 
microscopic  examination.  If  fatty  degeneration  is  much  advanced  the 
prognosis  is  less  favorable  than  when  no  degeneration  exists. 

Cases  of  %  rcflcs;  or  functional  character  may  recover  speedily  with* 
CMit  spetial  treatment.    Cases  of  organic  character,  which  constitute 
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the  majority,  and  which  have  gone  on  to  atrophy,  recover  only  slovh 
and  under  failhfLil,  persistent  treatment*  It  is  rarely  indec<i  th;it  pa- 
rents or  giiar  lians  have  the  patience  or  the  means  to  persevere  and 
obtain  the  full  benefit  of  which  electrization  is  capable. 

Frequently  ihe  improvement  rapidly  advances  to  a  cerlAia  grade  «Dd 
then  baits,  or  advance!^  so  imperceptibly  as  to  discourage  the  pvcat. 

Psrafysit  of  left  arm  ;  afrofiAy  of  d^itoid — No  rftpittue  at  j/irst  ta  /orA^^tiMt- 
Improvtmtnit  iful  not  movery,  undfr ^ah'aMit*tSi4f»i. 
CaseCXXXIX.— A  hoy  tgvd  14  months,  wi>ssuf1denly  taken  with  complele  pwl^^ 
of  the  left  mm  uTter  otposure  to  cold.  He  cftme  un<leT  oiir  olKrrration  nbonl  ■  v«ck 
after  the  seizure.  Wc  foun  l  tt  impowible  (o  produce  ihe  slighlest  {viiitrAcilom  of 
the  mni&cles  with  the  foradic  current.  After  two  appUcfltioni  wc  rcsurtrd  tO  cW 
gnlvanic  current. 

Intincdiflte  conlraclion  of  ftU  the  paralywd  muscles  Mlo*©]  its  use»  and  tfcc  natal 
power  was  restored  »:>me\slmt,  ^  thai  the  child  W4s  enabled  to  slowly  dote  uttl  opci 
the  haiifJ*  After  anuthtrr  similar  applic:ihu[i,  the  faradic  current  was  aj>  trlBcackiai  it 
proJuctng  marked  cotilractioiif-  fis  tlic  galvAntc 

When  treatment  had  bccR  continued  a\x)Ut  a  moijtK  the  child  coa!d  use  tbe  \mA 
and  fortarm  perfectly  well.  The  upper  arm  was  consideraUy  improved,  ao  ftr  M 
power  of  raovcTtient  was  conctTntd  ;  but  the  deltoid  inuscle  had  atr^jpbied,  and  m 
subsequent  treatment  safBced  to  greatly  improve  its  condition. 

ParaJysL,  of  Lft  arm,  'with  air&phy  cf  defti>id^  artistd  hy  exp^mrg  to  f^ii—Ht 
Ttsponsf  ai  frst  ie  faradisatiirn — Impr<n'^m(tft  ttndtr  goh'tsmi^aii^m. 
Case  CXL — A  short  time  IwFore  we  saw  the  child  he  had  been  ekpf»ed(a4ll 
Dare  arms  and  shoulders),  whUe  riding  in  the  Kor^ie-carSj  tn  cold  draiightsof  vind.  A 
few  hours  subsequently  tbe  mnther  first  noticed  that  the  child  used  ihe  right  am  alla- 
gether,  and  upon  further  examination  she  discovered  that  the  left  arm  was  ^jcrfirvtly 
pnwerle^.  Previoufi  to  the  attack  the  little  patient  had  been  sulferiui*  co«1U(ktaM]^ 
from  the  irritative  process  of  teething^  which  had  somewhat  iciJuccd  Jnm  in  hcailli 
and  flesh.  The  deltoid  wii^  atrophied.  No  intent^ity  of  the  rntadic  nirrent  whuh  « 
felt  jusEified  in  applj^ijig  to  the  affected  arm  pt^accd  the  'sli^hte^  effect  ;  but  wJten  a 
gnlvfliiic  current  of  miiderate  power  was  mnde  uwof,  (he  mustle^^  of  the  jjaiaJy/ed  bunfa 
responded  aJmost  as  readily  a<i  thouaf  the  liealthy  iKde.  The  lio^urovcniciU  uinJcr  tb« 
use  of  the  galvanic  ctirrent  wai  for  a  time  quite  marked,  lie  very  soon  regained  full 
power  over  the  hand  and  forearm^  but  wa^  unable  for  a  long  wlule  lu  move  the  ti|ipcr 
Arm,  !Uid  when  treatment  wo-s  diKontinued  after  some  twcuty  applications  bad  'bem. 
given,  it  was  impossible  for  him  to  raise  the  arm  ren^dily  from  the  side.  Xuf  withstand* 
ing  the  apj^roximation  to  a  perfect  ctirCt  the  faradic  current  would  produce  oa^ 
feeble  contractions,  while  uurtcr  the  influence  of  the  galvanic:  current  the  elcciro*tiiB^ 
:alar  contractilily  was  vigorous*  ja^ 

Ptraiysis  of  right      foliawirtg  diarrAaa— Rapid  mvwry  under  fetttr^ 

ditatiov. 

Case  CXLI— Agirl.  a^jcil  14  mouths,  was  brought  to  u«»  in  Sepiemlwr,  iS67,t« 
(«  treated  for  aa  at'  wk  of  ]iara[yMs  that  occurred  six  weeks  before.    Duriofi  thm  tmm 
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mer  ih«  hfnd  sufTcied  from  a  rliarrhiTat  which  harl  conMikrttbly  reduced  her  tn  slrenj^Mh 
ftml  lloh.  and  ju^l  a  week  Ijcforcthe  leg  Jwcamr  paralyzcfl  5h*Cf  ericnccd  r  severe  at 
laLk  of  citolcm  iiirtnliim.  The  mother  dT  the  child  HrsL  observed  some  lamenf^is  of  the 
li^jht  Icgi  that  funou-ed  .shorlty  after  a  fall  kt?m  a  chair.  In  two  days  Ihe  wsi* 
wiiliout  t1ic  slighted  |}i:>wcr  of  motion,  The  limb  was  coUt  The  improvement  fullow^ 
ing  clectrizAtiuii  was  in  this  instance  imu^^ually  rapiil.  Tvftt  appUcalioni^  with  llic 
fAraciiL  current  rrsiilted  in  some  proj^u: ;  but  after  (he  third  ^it»  when  Che  galvanic 
current  was  used^  the  ifiiprovemcnl  was  very  mnrlierl.  The  muM:le&  below  ihr  knee 
contracted  vigorously  for  the  first  time  under  its  irtliocncc.  arid  in  iltc  coutac  *>1  three 
week!S  under  the  alternating  use  of  the  two  currents^  sl  perfect  cure  waj*  e(Tctte.L 

/IcTTfi/ysts  of  six  months*  stanMttg — Entire  l^si  of  re^tion  to  h&th  currents — j^p- 

froxtmdfe  ntcovtry. 

Ck^v,  CXLIL— Master  C.        aged  four,  was  sent  to  uS  by  Dr,  S.  H.  Mcllroy, 
of  Kew  York. 

In  Scpteini>cr,  1S77,  the  patient  suffered  from  a  severe  attack  of  ghills  and  fercri 
followed  by  canvulstve  seizures  One  week  subsequently  the  right  leg  wa.i  found  to 
be  camplclcly  pofaiyml,  the  other  limbs,  with  the  exception  of  the  leit  arm,  being 
alTected,  but  m  a  le»  decree;  In  March,  1878,  six  months  later,  the  case  came 
under  our  cate.  The  leg  wa.a  apparently  wiibout  life,  quite  cold,  and  atrophied  to 
[he  last  degree,  while  the  electro-muscular  contractility  was  completely  abolished, 
and  probably  had  l>ecn  for  some  time.  After  a  month's  treatment  by  general  fara- 
dization and  lacaUzcH^l  galvanuation,  the  general  i^onriition  hzd  sornewhat  improved, 
but  there  was  not  the  slightest  evidence  of  returninrr  galvano-muscalar  contractility. 
In  two  weeks  more,  however,  conlraction^  almost  imperceptible,  were  observed. 
These  increased  very  slowly,  and  It  was  six  months  before  the  rauscica  responded  in 
the  lenfit  degree  to  faradiMtioTi.  At  the  present  time,  a/tcr  a  year  of  the  most  per- 
sutent  enc!e:ivor,  the  contractions  are  condderable,  the  limb  has  increased  much  in 
«iie,  its  circulation  i&  good,  and  the  child  ca;i\,  with  the  aid  oF  a  chair,  move  abowt 
quite  reoidily.  We  conceive  it  to  be  s?]f  evident  that  if  this  piitient  had  not  been 
treated  with  unusual  persistency,  or  if  active  mea-sufes  haid  been  delayed  much  longer, 
a  condition  of  life-long  hetpleA^ess  would  have  followed. 

In  consideration  of  the  absolute  and  tong-c&ntinued  paralysis^  and 
loss  of  eUctrk  response  io  either  current,  the  above  results  have  iiii-  f 
fire&sed  us  <]eeply,  and  should  teach  that  even  desperate  cases  of  infani 
tile  paralysis  should  not  be  hastily  abandoned  to  their  fale. 


CHAPTER  XXIX, 


DrSEASES  OF  THF  GEWITO-URDIARV  ORGA?^. 

The  nieJical  disea.ses  of  the  male  genital  organs,  for  wbich  electrl 
city  IS  chiefly  indicatcrd^  are  spermaiorrhmay  sttninal  emissi&m^  impo- 
tence^ incontinence  of  urine^  and  paralym  of  the  bladder. 

As  it  h:is  bt'en  doubted  whether  the  resources  of  the  electro- 
therapeutics  are  capable  of  affording  any  decided  and  lasliug  benefit  id 
these  diseases,  we  here  record  not  only  as  the  residt  of  our  own  ex- 
perience, but  from  a  knowledge  of  the  experience  of  others,  that  no 
case  in  which  there  have  been  reasonable  grounds  for  hope  can  be 
said  to  have  been  fairly  treated,  until  the  proper  application  of  elec- 
tricity has  been  attempted* 

It  should  be  remarked  that  of  spcmiatorrhcea,  fieminal  ennssion&,  and 
impotence,  tJie  Uiter^  taking  the  cases  as  we  find  them,  yields  the  most 
uniformly  and  readily  to  electrical  treaitnent.  These  three  conditions 
aje,  however,  very  frequently  associated,  and  the  symptoms  of  each 
ni*iy  be  so  intcnningltd  as  to  render  it  difficult  to  decide  which  presents 
the  most  promment  indications, 

Spermat&rrhms, — There  can  be  no  question  that  true  spermatorrhea 
(s  nuich  less  frequent  than  is  generally  believed.  It  consists  of  an  In- 
voluntary discharge  of  semen  without  erection,  and  as  there  are  severaJ 
secretory  glands  besides  the  testicleSj  the  secretion  from  which  lubri- 
cates the  urethral  canal,  and  may  even  appear  extem^illy  in  a  healthy 
condition  of  the  parts,  the  activity  of  charlatans  has  had  a  fair  field  in 
which  to  excite  alarm  among  the  credulous. 

Seminal  emissions  consists  in  an  involuntary  discharge  of  seminal 
fluid  with  erection,  and  demands  treatment  only  when  it  becomes  ex- 
cessive, and  is  associated  with,  is  dependent  on,  or  is  the  cause  of 
constitutional  disturbance. 

T^e^tmenf. — In  regard  to  the  treatment  of  spermatorrhoea  and  semi- 
nal emissions,  it  is  hardly  necessary  to  say  that  no  one  method  of 
electrij^ation  will  answer  in  all  cases.  The  applications  may  be  local 
ued  externally  or  internally,  and  in  addition  we  frequently  use  with 


56o         DISEASES  OF  THE  GENITO-URINARV  ORGANS. 

ulvnntage  iaradization  and  ccmral  galvanisation.     There  is  one 

»iiellvod  of  procedure  concerning  the  III  effects  of  which  wc  have  posi 
live  convictions.  We  refer  to  strong  galvanization  t*f  the  ejacalaiory 
ducts,  or  the  parts  in  their  immediate  vicinity,  by  means  of  the  insulated 
catheter  electrode. 

It  is  true  that  if  employed  wtth  great  caution,  and  wilh  a  current  of 
very  feeble  power,  no  harm  may  result.  Currents  of  considerable 
eleclrolytic  power  even  may  frequently  be  borne  without  any  after  ill 
efifects ;  but  it  h  equally  true  that  these  same  applications,  whether 
weak  or  strong,  have  in  numbers  of  instances  been  followed  by  pro- 
found and  la^Ling  irritation. 

Deaths  have  been  known  to  result  from  the  effects  of  the /arU 
camtiqui.  Fmra  tlie  history  of  one  of  our  cases,  it  seemed  suificicotly 
clear  that  tiiis  treatment  had  laid  lite  fonnttation  of  an  obstinate 
stricture  and  iu  another  cai^e  of  complete  destruction  of  the  virile 
power^  it  was  evident  that  the  syniptoms  were  in  a  measure  due  to  a 
most  severe  and  ill-advised  cauterization  of  the  ejaciilatoTy  ducts. 

Electrolytic  action  ts  of  course  more  completely  utider  control,  and 
although  its  action  is  different  from  that  of  the  caustic,  it  b  yet 
occasionally  followed  by  substantially  the  same  results,  and  wc  hesi- 
tate to  make  use  of  it  in  the  irritable  conditions  that  wc  arc  con- 
sidering. 

In  lieu  of  this  proccdtire,  however,  and  in  addition  to  the  external 
methods  of  ireatmentj  we  are  highly  in  favor  of  the  direct  application 
of  the  faradic  current  to  the  urethra,  and  on  the  same  principles,  and  to 
meet  the  same  indications,  Jiat  the  occasional  inlroduciion  of  tlie  ordi- 
nary catheter  is  attempted.  Mechanical  pressure  alone  tends  to  unload 
th-'  congested  capillaries,  and  to  very  decidedly  lessen  tJie  sensibility  of 
tht.  urethral  nerves,  and  when  combined  with  the  vibraton^  action  of 
thi  faradic  current,  we  are  convinced  that  its  good  effects  are  marked' 
ly  (•icreased. 

impotence. — The  mildest  and  most  frequent  form  of  impotence  ni&ni- 
fesf  5  itself  by  a  premature  ejaculation  of  ^emen,  with  no  special  diniinu- 
tior.  of  sexual  desire,  but  with  some  impairment  of  the  power  of  erection. 
A  somewhat  more  persistent  condition  is  shown  by  an  appreciable 
diminution  or  ca]>riciousne^&  of  the  sexual  appetite^  with  a  marked  de- 
crease of  the  power  of  erection,  and  again  there  is  not  unfrequently  an 
ent:re  absence  of  sexual  desire  and  power  of  erection.  Another  form  of 
tmf  Jlence  may  be  tenned  psychk^L  The  unfortunate  subjects  of  lhi« 
con  lition,  ignorant  of  what  the  normal  sejtual  appetite  sh  >uld  be.  often- 
UmeM  fi.u]]po&e  that  in  tlieir  case  it  is  deficient.  DepresbedanddisuacteJ 
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bj  self-brooding,  they  sometimes  ful5l  iheir  own  lark  forebodings^  and 
fail  in  their  preliminary  attempts  to  accomplish  the  sexual  act  through 
the  very  intensity  of  their  desire. 

We  shall  not  attempt  to  enter  into  any  consideration  of  the  causation 
of  these  symptoms^  further  than  to  say  that  the  vast  majority  of  case* 
of  this  character  are  brought  on  by  the  same  general  causes,  mastur 
bation,  or  sudacnly  breaking  off  the  habit  of  masturbation,  excessive 
sexual  indulgence,  prolonged  continence,  or  by  any  influence  that 
debilitates  the  system. 

Not  only  in  its  incipient  but  in  its  more  advanced  stages,  impotence 
not  unfrequently  is  the  result  of  organic  disease  of  the  nerve-centres, 
and  lis  treatment  by  electricity  i*  of  importance  only  so  far  as  it  5erve> 
as  an  ilhistration  of  the  extraordinary  stimulating  or  tonic  influence 
of  the  remedy.  We  have  had  patients  suffering  from  incurable 
chronic  hemiplegia,  progressive  muscular  atrophy^  locomotor  ataxia, 
etc.,  where  there  has  been,  under  local  and  general  electrization,  a 
most  extraordinary  increase  in  the  desire  and  capacity  for  sexual  intcr- 
coiirse, 

EUftro- Diagnosis. — Amesthesia  of  mt-hcdf  usually  the  Ufti  of  tht 
ptnisj  is  a  condition  not  ntifrc<|uenily  observed  in  diseases  of  these  parts. 
This  may  be  detectc-d  by  an  electric  examination  or  by  the  festhesiom- 
eter.  This  peculiarity,  which  was  hrst  ]}ointed  out  by  Scbulz^  we  have 
observed  in  a  number  of  instances.  With  anfesihesia  there  maybe 
coldness  and  btueness  of  the  sexual  organs. 

Occasionally  the  anesthesia  is  quite  profound^  and  a«  a  rule  the  sex- 
ual weakness  is  in  proportion  to  the  degree  of  the  aniesthesia. 

The  numbness  in  these  casc#s  is  more  than  an  accidental  association  ; 
h  would  indeed  appear  as  if  it  were,  to  a  certain  extent,  a  cause ;  for  by 
the  application  of  the  ordinary  electric  brush  to  the  parts  in  the  same 
way  that  we  treat  any  case  of  local  anaesthesia^  the  numbness  is  often 
removed,  and  the  integrity  of  (he  scxua!  function  restored. 

Hyperesthesia  of  the  urethra  is  a  condition  that  is  sometimes  ot>- 
served,  especially  in  patients  otherwise  ner\'Ous  and  irritable. 

In  the  worst  stages  there  may  be  atrophy  of  the  testicles  and  the 
penis,  and  a  diminmion  of  tem[jeralure  that  is  at  once  perceptible  to 
the  hand, 

TreafmertL — In  the  consideration  of  the  various  degrees  of  impaired 
sexual  power,  the  question  at  once  arises,  What  are  the  indications,  and 
how  are  tliof^e  indications  to  be  fnl&Ued  ?  In  the  milder  forms  of  impo- 
tence, where  there  is  simply  premature  ej^iculition  of  semen,  with  some 
diminution  of  the  jjower  of  erection,  as  wel'  in  tlie  more  advanced 
36 
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Stages,  where  the  desire  is  capricious  and  the  power  of  erection  pretty 
well  destroyed,  it  is  evident  that  there  must  be  a  de^Tee  of  paralysis  ftl 
the  root  of  the  disorder,  depeuHent  on  structural  changes  in  the  ncrre- 
centres,  or  else  this  impaired  power  or  tone  in  the  muscles  and  erectile 
tissue  may  be  of  a  purely  local  character.    In  the  latter  case,  the  indi- 
cations ai^e  cl^^arly  the  same  as  in  other  forms  of  local  paratysis,  and  by 
faratlii^ation  of  the  i&chio  cavernosas  and  bulbo  cavernosus  inu^cJei 
much  may  be  accomplished.     In  recent  cases  of  impotence,  where 
there  is  considerable  power  remaining,  as  well  as  in  a  more  advanced 
stagi;,  where  the  power  is  approximately  lost,  we  not  un&e<}tieally 
find  that  the  seminal   secretion  is  markedly  reduced,  not  only  in 
quantity  hut  quality;  and,  reasoning  from  analogy,  it  would  scera 
thstt  in  such  cases  there  were  undoubted  indications  for  the  use  of  elec- 
tricity. 

The  galvanic  current  especially  has  the  power  of  exciting  torncrrawd 
activity  the  secretory  function  of  various  glands,  and  not  seldom  ac- 
celerates physiological  mucous  discharges.  The  salivary  and  lachry- 
mal glands,  as  well  as  the  liver,  are  sui^ceptible  to  stimulation  bv  dec- 
trizaiion,  and  it  is  undoubtedly  true  that  the  lacteal  secretion  ha?  been 
augmented  by  passing  the  current  through  the  breasts  of  nui^iog 
wotiien.    (See  chapter  on  Nutrition  in  Elcctro  Phyfiiology,) 

It  is  highly  probable,  then,  that  a  deficiency  in  the  secnclion  of  scnico 
when  it  ii  dependent  on  local  paralysis  or  exhaustion  of  the  nerves  con- 
trolUng  this  function^  and  not  on  pathological  chinges  of  a  structural 
character,  may  be  successftilly  remedied  by  galvanizing  tlie  spermatic 
nerves  and  le&licles.  We  cannot,  however,  in  all  cases^  depend  on 
local  treatment  alone.  Not  only  may  im|>otence  be  associated  with, 
but  it  may  result  wholly  from  disorders  of  a  general  character.  TIk 
excessive  uf?e  of  sedative  narcotic  remedies,  sedentary  habits^  and  gen- 
cral  inalriutrition  from  any  cause,  lead  to  the  condition  under  consider 
ation,  and  demand  the  general  constitutional  tonic  influence  of  general 
faradi/ation. 

The  vesiculfe  seminales  and  the  testicles  may  be  affected,  and  ia 
some  patients  very  poweifuliy  and  sensibly,  when  one  of  ihc  poles  is 
applied  to  the  lower  part  of  the  spine,  and  the  other  to  some  point  on 
the  thigh  or  against  tiie  pehnjsum,  A  very  good  way  to  affect  the 
malf^  reproductive  org  ins  is  to  apply  one  pole  firmly  agamsi  the  pcri- 
(jieuiiJ,  and  the  other  upon  the  testicles. 

Faradization  of  the  genital  organs  should  not  usually  be  protracted 
longer  tlian  five  to  ten  minutes;  galvanization  frotn  two  to  eight  min 
utcs.    The  faradic  current  would  appear  to  be  preferable.  Iinpoteocei 
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lilce  seminal  emissions,  may  sometimes  be  treated  by  connecnng  the 
5ttd  sound  introduced  into  the  urethra  with  one  of  the  poles  of  the 
far?dic  current,  thus  combining  the  toning  effect  of  pressure  with  th' 
lontDg  effect  of  electricity  on  the  relaxed  parts, 

.^jf^^rOTdi'/rm.— Impotence,  as  before  remarked,  may  man- 
ifest itself  by  many  aymptoais^  and  in  various  degrees  ;  but 
there  is  one  phase  of  it  that  is,  we  believe,  not  very  cotn- 
Dion.  It  cotisists  in  an  inability  to  ejaculate  semen  while 
the  power  of  erection  remains  vigorous,  and  to  this  condi- 
tion the  term)  asperinatism,  was  fir^t  proposed  by  Roubaud 
in  1855. 

Dr-  Wni,  H,  Van  Buren,  in  an  article  published  in  the 
JV^7a  Y^ifk  Medual Journal  io^x  November,  1868,  suggested 
that  the  difficulty  in  ejaculating  the  semen  was  caused  by  an 
exaggerated  spasmodic  contraction  of  the  niuscular  5bres  of 
the  walls  of  the  ejaculatory  ducts,  leading  to  their  occlusion 
under  extreme  excitement.  On  this  theory  it  would  seem 
that  the  indications  called  for  galvanization  of  the  ejacu- 
latory ducts ;  but  in  two  cases  that  have  come  under  our 
observation^  and  that  might  fairly  be  placed  under  the  head 
of  this  affection^  the  treatment  failed  co  afford  relief. 

Spfrmaton'haa  ass(}ciaUd  'with  profi>und  menial  and  pkysital  depret" 
tioti — Rapid  FKovtry  under  gitteral  and  locaiiud  faradUaticft  and 

Ca.se  CXLIII*— Mr.  T-  ,  m  youth  aged  17,  came  under  oust  tare 

April  ^3^^  1873,  for  the  relief  of  spennatoirhoea  associated  with  pro- 
found menial  and  phy!>ica)  depression.    The  patient  w&s 
of  ft  highly  nervous  organ i*a.t ion,  and  attributed  hii^ymp-  . 
tonia  mamly  to  the  \ke  of  itiFisturbiitioti^  which  he  had 
practbed  for  a.  number  of  ycar^*    The  muscles  were  In  ^^^^^ 
%  Aabby  condition ;  there       marked  uiseaiu^  and  his  J^^^^^ 
rtrenglh  hardly  permitted  him  to  wallc  half  a  do^el^  fiq,  138, 

blocks  without  the  onset  of  a  pAtOKyKm  of  cardiac  pal-  JogQlattd  Cutheter  Electrotk 
pitatioti  with  utter  cJihau$tk>n*     The  mental  faculties 

were  wfiikenedf  and  at  the  same  time  his  feetin|£s  were  in  such  a  condition  of  hypochcm- 
dj-iocal  depression  that  he  would  allow  no  hope  of  recovery  to  enter  his  thought, 
Emiisionaof  semen  o<xurr>cd  re^larly  two  or  three  times  a  week.  The  patient  wai 
immediately  snbmLtled  to  gtncral  faradization  with  altemaTioni  of  central  galvetn- 
kation  and  lo«LlLzed  firad^tion.  At  the  end  of  a  month*^  Ireaimcnc  it  was  '^ound 
t}nt  there  had  been  but  three  wminal  cmi^'^ions,  and  during  the  list  two  weekf  none 
It  itU  He  hnd  become  decidetlly  faopcful,  and  could  exercise  both  rnLod  And  body  lo 
far  greater  extent  than  for  six  months  before.  The  treatment  wa*  itUcoiitinued, 
maC  the  patient  left  the  c'^y  for  his  horne^    As  Is  the  usual  course  known  uncler  omi- 
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lar  conditions,  tht;  improvement  c^ntjnud  uQinlcrruptedlf,  ud  be  lure  tht  cjov  tt 
the  sdmiiicr  a  perfect  recovery  was  complete. 

Spermatorrkaa  associated  tUiih  extremt  nervaus  ejchausfi&n  of  tkret  ^arx'  fiatni 
ing—Jmpr<rutmtnt  under  gtnerat  faraditatiffn  and  err»/ral  ^a/pvJVM/ariv. 
Case  CXLIV,— U.  II.  W,,  a.  yount;  man»  aged  twcitty<6vc  y«ars,  cntoc  lomScfv 
tnnber  19th,  cumplEiTning  of  a  perj-istent  sfXTtnalonbCBii,  oMociaieJ  with  grrai 

pliyslcat  and  mental  depression.  Three  years  btfore,  he  linst  olkMirvcd  a  detidid 
weakncs!>  of  the  eyesight,  t*^gether  wUh  ocijnbional  nocturnvJ  emi^ons  of  sraien.  It 
should  be  stated  that  the^  iymptoms  itnmctlitiiely  followed  a  severe  aliack  of  'm&MOt- 
malion  of  the  bowels,  with  enlarg^'meiits  of  the  mc&eiileric  glands^  All  life  ttr  haif 
indulgied  in  masturbatLon  lo  a  eoni^itlerabli^  extent.  Hia  nervous  syiitcm  had  becm  M 
Loitipletel)'  up^t  that  for  three  years  he  had  been  un:Ll>le  tu  study  or  to  work,  ami  » 
medication  and  the  influences  of  irfivel  and  chnngc  had  failed  (0  bencAt  him,  he  bi^an 
to  d«rs|)air  of  recovery,  and  became  tenfold  mofe  dr«pundetit,  and  wax  wo  ta^memi 
physKally  that  fae  was  tunable  lo  walk  more  lhaa  two  or  three  %kurt  blocks  witho«l  a 
MfiKC  uf  utter  GKhnubllun  and  a  soreness  and  *' drawing  liuwu"  In  tlic  abdomen  thai 
was  abi^olutely  painful.  Seminal  emissions  occurred  almost  every  tiigitt,  and  added 
immen^ly  to  his  mtA^ry,  butii  mental  and  phy^cal,  an  evidence  of  tlie  exco- 

Hvely  sensitive  condition  of  llie  central  nervous  system,  it  m:Ly  be  stated  Ihnt  a  farvlie 
current  of  m^xlcrate  streni^th  applkfl  lo  the  sacrum  and  liimliar  ri^inn  ]  n* 
flcK  an^iun  a  decided  tingling  wnsatton  in  several  remote  part\  ntd  c-j.  Mir 
crown  af  the  head.  The  fialieiit  wa^  submttte*!  lo  general  farakliialion,  .1 
the  influence  of  a  dozen  applicatlunb  improved  cooi^iderabliy  in  filrcngth  of  t.  1 
body.  Stibscijuently  many  similar  applications  accomplished  noUuinj  mor?  for  him. 
(■olvanizaiion  of  the  brain,  ftyntpathetic^  and  spinal  cord  was  then  iCjofte<l  ta  A 
new  iinpelU!>  seecned  to  be  immediately  imparted.  Th^  emi^ions  became  Te§s  frequent, 
and  finally  occurred  so  t^ldoni  as  to  occa^^ton  little  remark.  The  fxiwef  of  ooniinaou 
tliuii^ht  rtnumed,  and  at  the  end  of  anuthtr  month,  he  lefl  an  apparently  recovered. 

Faiiitrt  pf  the  hxukU  frower  and  jpcrrmUorrkiza  ajsofiattd  witA  kyfiMAlmdriatu~ 
Heeauety  under  attlrai  ^aivams^ian  at§d  JaettJistd /aradtAaftan, 

Cask  CXLV, — Mr.    game  to  us  by  the  advice  of  Dt.  Johq  Qytiic.     For  wr- 

eral' year*;  he  had  t»een  alTected  with  an  cxce^^^ivc  ir^itn^i1^ty  nf  the  genital  orgMU^ 
d  con^uetLce  of  which  he  had  liecDnie  boll;  phyUcally  and  mentally  deprcsaedi  lo- 
rolutuary  ejaculations  of  semen  >vcrc  freqnent,  and  occurred  generally  durtttg  sleep  al 
night,  while  the  ability  to  perform  satisfaccurily  the  act  of  coition  seemed  alaeal 
inert. 

The  patient  was  treated  by  central  galvaitixattou  and  by  faradixation  toerfini 
direcily  throv^^h  ihe  genital  apparfttus. 

The  beneficial  results  of  the  Ircfllmcnt  were  soon  ranat  decidedly  manifesied.  Tht 
involuntary  emisAions  ceawd  in  the  cour<ie  of  a  month  adinast  eciiirel^,  and  the  scxnl 
power  returned  in  full  force.  As  a  natural  result,  ihc  tnental  balance  wmi  realoced 
and  the  patient  left  us  quite  ho[>eful  and  happy, 

Congtnitat  im/otenctf  wiiA  thi  sexttat  imtinet  unimfiairif^^^Jfff  fmJarpvrmimC 
Ca£>1£  CXLVL — A  very  interesting  case  of  congcmtd  mpoience  feitl  under  ov 
o^>scrvation  in  February,  187a. 
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Hie  faticnt  woi  a  yaung  nxaji  aged  olthoiigh  the  scxiud  ioUinct  wa&  tollf 

developed,  and  a  strong  feeling  of  Kxual  liciirc  bjul  been  majiifcstcd  (eom  hb  es-rliest 
monbyod,  yet  he  had  never  at  any  ttme  been  able  by  arlificui  meoiu  to  exdte  an^ 
orgKsni,  9r  the  hlighte^t  ejaculation  of  sfrmen. 

AtlUAl  inlcrcoursc  had  never  b«en  aif.cmptcd. 

ll£  wiu  subject  to  occaiitonal  nocturnal irmLs&bn&,  that  ff^ere actompuiLedt  however, 
by  no  pleasurable  sensatiopb.  Structurally  the  parts  seemed. to  be  in  every  way  per^ 
fiect,  and  tbe  fault  imiiciubtcclly  lay  m  aatne  ortgiital  imperfect  conditioa  of  tlienervoui 
Bipply, 

No  benefit  was  derived  from  treatment. 

Aim^t  <i?mpUU  impoUftf^  tn  a  patient  ^^iH  45 — Perfect  reerw^ry  utider  iocatite^ 
/itradi^inH  and ^alvammiwn  ^/ ike  j/hu  anj  s}'mJ>atAeU'£. 

Cash  CXLVI  L — hit.  X.,  ai;«t  almul  45,  was  directed  to  u&hy  Or.  Jame»  AiideT' 
■on,  in  iheqiiinpof  1873.  The  patient  wa^  a  stout,  viguroimman.  and  iltefAiberuf 
^VCfoJ  chiUlrcn,  but  fur  sume  ye:ii'ii  be  hnd  c>b!^e^ved  a  ^ratluAl  hut  decided  decrease  of 
texaa]  puvier,  and  at  Elie  dai«  o(  hh  a|[>pUcaijou  for  treatment  be  mtiertcd  ilut  he  Wdt 
■ImoM  completely  tni|vjlent.  We  submitted  him  un  aUeriiaie  i3fiy&  to  localized  f^a- 
diution  and  galvanJ^atiuii  of  ihe  lower  portioD  of  the  cord,  and  occaslunatly  extentlcd 
tlic  yalvauiiation  lo  (be  nec'k  in  arder  to  bring  more  or  Ic^  completely  under  the  in- 
fluence of  the  current  tbe  ^ytn^iaiheiic  system.  This  method  was  faithfully  followed 
out  far  somc^  weeks.  Week  by  week  the  patient  observed  increasing  sexual  capa-^ 
city,  and  at  the  cIom  of  the  treatment,  when  he  deported  for  Europe^  he  cUicned  to 
po<i;»e<tft  perfect  sexual  vigor, 

lie  has  suffered  to  this  date,  1S74,  avrela];^. 

DimtHtiiian  of  fi&fi^er  of  ertetiort  in  a  marrttJ  mail  in  tkt primt&f  lift — dph^Agi^ 
and  dehiiify — JCfcaz'try  untUr  gemrai  faradiMihn, 

Cask  CXLVtlL — Mr   ,  %  merchant  in  the  prime  of  Hfc,  and  to  alt  appear- 
ances enjoying  excellent  hedth,  consulted  us  for  inability  to  perform  satisfactorily  iht 
act  of  joiiion.  This  inability  did  not  involve  an  absence  of  sexual  desire,  but  stmpty 
a  wint  of  power  to  obt  ain  and  teLain  an  erection,  Tlas  {gentleman  bod  a  family  uf 
4ev«;ral  cliildrcn.  and  since  his  marrbge,  many  year&  before,  had  led,  according  to  hl» 
atemeut«  k  correct  and  regular  life.  He  attribu<c«i  this  piemaiure  decline  to  early 
^Lve  indulgence  and  abuse  of  the  generative  funutlon.  H\h  outward  appearance 
lied  lus  general  condUion,  for  he  suB^eretl  much  from  headache,  and  oftentimes,  on 
ruing  in  the  murning,  from  coniiiderable  enervaitot). 

General  clectriution  wav  decided  un  and  given,  together  with  local  appitcatlons. 
He  continued  trcatincnt  for  three  weeks,  receivifig  an  application  every  other  day- 
The  rc»ult  was  entirely  salisfartory.  His  general  cnndilion  was  so  much  improved, 
and  the  vif^or  of  his  sexual  orj^ans  was  so  much  increased,  that  he  was  cftablcd  14 
complete  the  marital  act  as  satisfactorily  as  in  his  youth. 

Impotence  (*/"  tit}ettiy  ytan'  standing  musetl  f*y  i^ai  para/yitJ — Num^ntJS  and  f&U' 
neis  of  tilt  parts— Dififitfft  piyXLur  of  ereeiiQH— -Slight  seminat  utTttioH — fjR> 
pTifftitm^isl  tttidtr  gaim**iiaf(on  and faradizaiioH^ 

Case  CXLIX. — Mr,  aged  44,  was  sent  by  Dr.  Jerome  Smith  lo  be  treated 

for  impotence  of  nearly  twenty  years'  standing.  When  but  17  ycarsold  he  contracted 
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gonorrhoea,  and  at  the  dge  of  2$  wis  attacked  by  syphilis.  At  Uiat  lime  he  t«i  » 
very  disMpnied  hfe^  asid  do  sooner  vras  an  auack  of  thi5  disease  appareotly  cured  tkam 
he  foithwith  subjected  himscir  tooncitlier.  During  the  lost  attack  the  solid  c*«atiehid 
been  introduced  into  the  urethra.  This  i^ulertutioQ  produced  excessive  Inflano*- 
llon  aiid  poin,  and  was  foliowed  by  complete  impotence,  &!^^ia.tcd  wttfa  a  feeling  of 
numbness  and  coldneEs  in  the  penis.  He  Jiad  tested  nearly  all  reotedte^  and  al  OQC 
tiin«,  by  tlie  advice  of  Dr.  Browu-Sequajtl,  he  bad  used  hot  luid  cold  doucbev  b«I 
pll  without  avail.  When  he  came  eo  ms  the  penis  was  quite  cold,  mad  much  beJow 
the  imturat  ^ize.  Erection  wa:^  occasionally  pos^ibie,  bi^t  he  was  never  able  tn  ac> 
complish  the  marilal  net.  The  testes  wete  of  aji  almoEt  nalurui  size.  And  when  ibe 
licnis  was  artitidiilly  excited,  a  small  ckmount  of  semtrfi  would  apfxrur,  Tbe  peno 
was  apparciuly  pwalyjsed,  and  the  impotence  was  manifestly  due  to  that  cause  more 
than  tu  the  want  of  &emin;d  secretiun.  The  patient  was  a  stout,  hardy,  ngotoos 
manp  of  a  fuU  habit,  and  qtiite  a  free  liver;  and  neither  in  his  couacoiaiioe  nor 
in  his  i^ner^i  bearing  b^tro^ycd  the  slightest  electa  ot  even  consciotune$»  of  hir 
aSIiclion. 

Four  applicationi^  of  the  faradic  current  were  gtven,  with  the  effect  of  tcmptirajriljr 
incrosing  the  wannth  of  the  peni%  and  nothing  more.  The  galvanic  current 
was  then  tried.  It  increased  the  circulation  in  the  pcnUp  and  cotl'^uently  hctgbl* 
ened  the  temperature  more  than  the  faradic  current,  but  no  permanenc  bene£i 
resulted,  Our  patient  then  di^ontinued  the  treatment,  owing  to  the  pres&ufe  of 
his  business  engagements.  He  would  have  persevered,  however,  if  we  bari  felt  war- 
ranted in  holding  out  rcasonabk  chances  of  a  succes^ul  result  from  a  long  l-oux^c  uf 
electrbatioQ. 

Pr^rnaiurt  discharge  and  de/ideHt  secrttion  a/  semcn^  iauad  hy  txreisivt  sexual 
iudtil^etue — Recovery  under  exiernal  and  ittleritui gah/anttafion  and y^aditextttti 
eambitted  with  medicai  tretttmnU. 

Case  CL. — Kr,   ,  aged  27,  fomierly  a  g)mnai*it,  aud  latterly  a  printer,  con- 
sulted us  in  May,  1870,  for  sexual  wcaknes  brought  on  by  abuse  of  the  orgaosL  The 
discharge  was  premature,  and  with  Icrs  excitement  than  usual,  and  there  was  a  mani- 
fest delicieiicy  of  ^reLioti.  Tlie  patient  was  exceedingly  miiMrular,  and  hn  geueiaJ 
health  was  alnio^t  perfect.  For  that  cea^n  on)y  local  treatmeot  was  employedl 
The  organs  were  faradtzed  In  the  various  methods  twice  a  week,  and  ocoe  a  week 
internal  galvanl£atii>u  was  employed,  ihe  metallic  extremity  of  the  catheter  electmk 
being  directed  us  near  as  possible  to  the  orifices  of  the  ejaculatary  ducts.  At  the 
same  tiuie  the  patient  was  directed  to  lake  a  mixture  of  bromide  of  potassium  and 
wine  of  ergot.  Unrler  this  combitied  Ireatincnt  the  recovery  was  complete  in  twcH* 
ly-hve  appbcatioos. 

During  tht  latter  /art  of  the  treatment  the  patient  atserved,  during  sexual  it^tr* 
ffljirjf,  a  very  great  iaereaje  in  the  quantity  of  ionea  diseharged. 

Diseases  of  the  Bladder, — The  diseases  of  the  bladder  for  which  elec- 
trisation is  chiefly  employed  are  incontinence  of  urine  and  paralysis. 

Incontinence  of  urine  depends  on  a^ti  iiritable  condition  of  the  neck 
of  the  bladder.  While  it  largely  synipathi^es  with  other  diseases  and 
the  ger  eral  health,  being  freqtiently  associated  wiLh  hysteria  uid  spinal 
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irrit&tionf  it  is  yet  oftentimes  a  purely  local  affection.  There  are  vari- 
ous grades  of  the  disease,  from  simple  imtability  that  makes  it  neces- 
sary to  pass  the  water  with  unubual  frequency,  to  utter  inability  to  sleep 
through  the  night  without  unconsciously  "  wetting  the  bed."  The  for* 
mer  condition  exists  mostly  in  adults — especially  in  the  hysterical  and 
the  aged;  the  latter  is  peculiar  to  the  period  of  childhood.  It  is  pro- 
bable that  the  pathological  condition  in  children  who  nightly  void  iheii 
urine  in  bed,  is  not  necessarily  worse  than  that  in  adults  who  only  com- 
plain of  being  obliged  to  pass  the  water  with  abnormal  frequency.  The 
unpleasant  resuUs  tn  children  are  due  to  their  profound  sleep  or  defi- 
cient self-coutroL  That  the  pathological  condition  in  children  is  not 
always  of  an  important  character  is  prtwed  by  the  fact  tiiat  It  sometimes 
yields  to  purely  moral  influences. 

In  the  treatment  of  incontinence  of  urine,  both  external  and  inter- 
nal  applications  may  be  used.  In  the 
majority  of  cases  the  internal  applica- 
tions by  means  of  the  catheter  electrode 
(p.  567)  are  not  required.  It  is  needless 
to  say  that  in  young  children  the  intro- 
duction of  the  catheter  electrode  is  at- 
tended with  difficulty.  The  treatment 
we  prefer  is  faradization  with  strong  cur* 
rents  through  the  neck  of  the  bladder. 
In  nmles  one  pole  may  be  placed  over 
the  symphysis  pubis,  and  tlie  other  at  the 
perinseum  ;  in  females  one  pole  may  be 
applied  over  the  symphysis  pubis  and  the 
other  at  the  lower  part  of  the  sacrum. 
Cases  associated  with  hysteria,  or  de- 
pendent on  spinal  disease,  need  central 
and  general  elcctriiation. 

Prognosis. — The  prognosis  of  young 
and  recent  cases  is  usually  good.  Long- 
standing  ca^es  also  yield,  but  need  cor- 
respondingly longer  treatment,  and  are 
liable  to  relapse.  Cases  complicated  with 
constitutional  or  central  disease,  which 
are,  of  course,  mostly  found  in  adults, 
have  either  a  favorable  or  unfavorable 
prognosis,  according  to  the  nature  of  the  p^^^j^  Ck^rE^dlor  «  £]«». 
malady  with  which  they  are  complicated.  trade  fDucbeaDfi). 
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J^ar€sis  *  and  Varalysis. — Paresis  and  paralysis  of  the  bl;idJ(ff 
frequeutly  depend  on  incurable  di^a&cs  of  the  spines  thac  the 
Dosis  is,  as  sl  rule,  unfavorable  as  regards  a  complete  cure.     Relief  uid 
improvement,  even  in  very  bad  cases,  may  be  gained  by  fatthful  trcal- 
mcnt,  but  entire  recoveries  are  exceptional. 

The  trcaim^ni  should  be  external  and  internal,  with  both  the  galvaaic 
and  faradic  currents,  combined  witfi  central  galvanization. 

External  applications  may  be  made,  placing  one  pole,  the  negative, 
over  the  symphysis  pubis,  and  the  other  on  the  back,  or  at  the  nape  of 
the  neck,  and  passing  very  strong  faradic  currents  with  interruptions. 

fni^rnai  applications  may  be  made  either  with  the  insulated  catheter 
electrode,  or  with  Duchenne's  double  vesical  electrode  (Fig.  1*9). 

The  catheter  electrode  may  be  connected  with  the  negative  pole 
while  the  posidve  is  at  the  hypogastric  region  or  back.  By  means  of  the 
doubk  exciter  of  Duchenne  the  current  can  be  more  exclusively  local- 
ized it^  the  muscles  of  the  bladder  than  by  any  other  method. 

G&nerrhaa. — It  would  not  be  unreasonable  to  suppose  that  gonor 
rhoea  in  its  subacute  stage  might  be  treated  by  elcclrijsaiion  with  at 
least  as  satisfactory  results  as  subacute  iaQamniations  of  the  tnttcous 
niembrane. 

VVc  have  had  opportunity  to  test  faradization  in  three  case&  of  go»or- 
rho;a  while  the  intlammatiou  was  in  quite  acute  stages- 

Gotutrrheta — Ttmporsry  incrtast  of  sterttian  under  faradi&aUcm^Rtta^ety. 

Case  CLI, — A  ^entlemaji  cequcsted  u&  to  try  on  hiin  elcctricaJ  irevtmcat  for  tn 
Attack  or  gonorrltcea  that  licr  bad  recently  coiUractcJ,  We  consented  to  do  fio»  viib 
the  understanding  (hat  the  irealmenl  should  be  coiistdcrcil  as  experimenCal,  tuumurii 
as  we  had  treatcil  but  one  case  gf  gonorrhoea  by  dcclTichy. 

We  employed  loc^il  external  faradizallon  through  the  penis,  withuat  rcgwrd  to  the 
dlrcctton  of  (lie  current  ATter  four  applications  he  represented  that  he  wai  cnndL 
In  ihl^  AS  in  Aiioiher  case,  there  was  Htme  tecuparaLry  incf«A$«  of  the  urethral 
tioa  iLftef  Lhe  first  two  ftppUcalioo^ 

These  cases  may  be  taken  for  what  they  are  worth  ;  ihcy  are  the 
only  cases  of  the  kind  in  which  we  have  ever  attempted  electnctl 
treatment. 

Chronic  urtthris  {gleet)  we  have  treated  by  mild  galvanization  wiili 
the  catheter  electrode  and  sounds,  and  with  encouraging  results 
Electricity  thus  used  acts  well  as  an  adjtivant  to  the  other  treatment, 
just  as  in  catarrh  of  the  nose,  granular  Uds,  chronic  inflammation  of  the 
middle  ear,  and  analogoas  conditions. 


From  wapcaiif  ejthatutwn. 
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Syphilis. — The  severe  paios  of  sccondajy  syphilis  are  to  a  ccftaia 
cKitrnt  relievable  by  general  and  localized  faradization,  as  we  have  de- 
monstraicd  in  a  few  instances;  concerning  the  permanency  of  their 
effects  we  have  as  yet  no  positive  evidence, 

(For  the  treatment  of  syphiliuc  ulcers,  see  Ulcers.) 

Buboes  may  be  discussed  by  external  faradiiation,  and  have  been 
wo  treated  by  Hassenstein,*    Chovstck  has  used  galvanization, 

Orehtiis. — The  electric  treatment  of  orchitis  has  been  particularly 
studied  by  Drs.  Juies  Cheron  and  Moreau*VVolf*f 

They  give  the  results  of  the  treatment  in  nine  successful  cases. 
Their  method  of  treatment  was  to  direct  a  galvanic  current  from  ten 
to  twenty-four  cells  of  Remak,  through  the  tuuior,  from  two  to  eight 
minutes,  Sometimes  the  positive  pole  was  placed  on  the  most  pain- 
ful point  of  the  swelling,  and  the  negative  on  ihe  spermatic  cord-  The 
authors  regard  the  ascending  current  (up  the  cord)  naore  effective  than 
the  descending. 

Most  of  their  cases  were  cured  by  a  few  (from  four  to  ten)  appUcaiionfc 
The  great  advantage  which  the  authors  claim  for  this  method  of 

treaintent  in  orchitis  is,  diat  the  patient  is  n^t  fftitged  (0  suspend  hU 

daily  duties^  since  absoluU  repose  is  mi  necessary. 

Ckmtk  prekitit  0/  six  m^mlk^  itanding  in  a  syphiiitU  paiUnt — ApproximttSe  wt* 
e&Btry  uHder  externati  gaivaniMlkn  and /amdiistiiitfn. 
CaskCLIL — Mt.  W.f  a^ed  28,  canaulted  us  in  October*  for  an  enlar^* 

nietu  of  tUe  \ck  testicle  that  had  troubled  him  for  six  moDtlis^  It  wi&  about  twice  the 
Azc  of  ihe  ri|;ht  lesttcLc.  Tbcre  was  no  puin^  but  a  cbtutant  ficnBC  of  weight.  The 
palient  was  sidTcring  from  secondary  syphilis,  and  had,  in  times  pa!>t«  repeatedly  ei^pe- 
ricnccd  attacks  of  gOhorrh<ra.  Stable  galvanlEation  with  a  current  that  w&s  com' 
fortably  borne  wifi  employed  fur  tcQ  minutes,  the  positive  pole  bcin^  applied  over  tht 
testicle  at  different  poinls,  aod  the  aqgalive  pole  aver  the  spermatii:  cord.  The  patknt 
stated  that  the  testicle  felt  le&a  di5agreeabl&  In  two  day&  there  vtoa  an  apparenC 
dimtnutiotiL  msite.  Three  more  similar  applicalioiis  aitdone  farAdualtoii  produced 
an  almui^t  complete  recovery. 

Enlargement  of  ike  Prostate. — The  electrical  treatment  of  hyper- 
trophy of  the  prostate  has  been  studied  by  Tripier.J  who  has  demon'* 
fitrated  that  the  effect  of  faradization  of  this  organ  when  enlarged  is  to 
cause  resolution.  The  rationale  of  Che  treatment  is  substantially  th« 
same  as  for  analogous  conditions  of  the  uterus.    The  subject  is  one 

*  Chemisch-Electrische  Keilwerke,  Leipzig^  t$53' 

f  Du  Traitemcnl  Ac  rOrchite,  par  Tapplicatioa  ies  coomits  continue  consluiti^ 
Paris,  r86g, 
%  Mrtntiel  d*£lectroth^rapic,  p.  567* 
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that  deserves  investigation  Either  the  galvanic  or  the  faradlc  cuireii» 
may  be  employed.  One  pole  may  be  applied  internally  by  means  of 
a.n  insulated  catheter  electrode  or  souod,  and  tlie  other  in  the  rectum 
against  the  prostate,  by  means  of  a  rectal  electrode.  Wc  have  treated 
one  case  of  enlarged  prostate  by  internal  and  external  faradi^adoD. 
The  patient,  a  medical  gentleman  about  sixty  years  of  age,  was  seen  aiu\ 
examined  by  Dr.  Gouley,  who  confirmed  the  diagnosis  of  enlarged  pro*, 
tate.  We  treated  him  a  number  of  times  by  external  faradization- 
one  pole  on  tJie  symphysis  pubis  and  the  other  on  the  perin^euni — and  bf 
internal  faradizatioHj  one  pole  in  the  rectum^ — insulated  except  at  the 
point  where  it  came  near  the  prostate — and  the  connection  made  in  the 
prostatic  portion  of  the  urethra,  by  a  flexible  sound,  passed  through  a 
gum  elastic  catheter,  according  to  the  suggestion  of  Dr,  Gouley.  Applied 
in  this  way  tlie  electrodes  were  very  near  to  each  other  and  in  sensitive 
localities,  and  only  v^ry  fetblt  currents  could  be  borrte,  and  sometime* 
fiiight  hemorrhage  followed  the  treatment  in  spite  of  all  the  caution  that 
was  exercised.  It  was  found  impossible  to  use  sufficiency  strong  cur- 
rents by  this  method  to  produce  any  effect,  and  again  we  returned  to 
partly  external  faradbaticn.  This  treatment,  which  seemed  to  aggravate 
a  cystitis  that  existed,  was  abandoned. 

Dr.  Mittendorf,  of  this  ciiy>  Informs  us  that  he  has  obtained  decided 
results  in  enlargement  of  the  prostate,  in  two  cases.  He  used  extertiti 
faradization — one  pole  over  the  symphysis  pubis  and  the  other  at  tbe 
perinisum. 

Diseases  of  the  Redum. — Electrization  has  been  used  for prcta^sut 
ani,  paralysis  of  the  sphincter^  and  hem&rrfioids. 

The  current  can  be  very  well  localiicd  in  tlie  rectum  by  means  of  a 
rectal  electrode  (see  p«  S3i)r  which  may  or  may  not  be  partly  idsu* 
lated.  The  rectum  is  but  little  sensitive,  and  will  bear  strong  cur- 
rents. The  rectum  may  also  be  treated  by  a  double  rectal  exciter, 
analogous  to  that  which  is  used  in  the  bladder.  When  a  single  electrode 
is  used,  one  of  the  poles  should  be  placed  on  the  spine, 

Pragtwsis. — Paralyses  of  the  sphincter  that  depend  on  local  disease, 
like  paralysis  of  the  bladder  depending  on  the  same  causCi  rarely  offer 
a  perfectly  favorable  prognosis. 

In  prolapsus  ani  Benedikt  •  clauns  a  few  mostly  good  results.  Wc 
have  treated  one  long-standing  case  without  benefiL 

Jiemorrlwids, — Piles^  external  and  internal,  may  be  treated  by  both 
oirrents  applied  internally.  Relief  of  itching,  patn,  and  permanent  inv 
provement  in  the  tone  of  the  parts  arc  derived  from  this  treatmcQt 

*  Op.  dt.,  p.  4Sa 
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The  disease  of  the  larjTJx,  for  which  electrization  haF  been  almcml 
exclusively  used,  i&a//wnta,  a  condition  which  arises  from  .Tiany  morbid 
states. 

Afi^mia  and  Irifiammaiion.'--~'E.x\.^mdX  electrization  of  the  throat  is  of 
sernce  as  an  adixjnct  in  the  treatment  of  inflamed  and  irritable  con* 
dittons  of  the  larynx,  but  only  in  rare  cases  has  it  been  thus  employed. 
We  have  found  that  faradization  of  the  neck,  for  from  two  to  five 
minutes,  has  an  appreciable  and  agreeable  e^ect  in  diminishing  the 
irritation  produced  by  cauterization,  and  when  continued  exerts  a  tonic 
influence  on  the  organ.  In  cases  of  diseases  of  the  larynx,  connected 
with  hysteria  or  ansemia,  the  local  treatment  is  materially  aided  by 
general  faradisation. 

Subacute  and  chronic  inflammations  of  the  pharynx  are  also  treated 
with  some  success  in  the  same  way,  and  on  the  same  principles. 

Method  &f  External  Ekctrhatlon, — The  larynx  may  be  electrized  ex- 
ternally by  various  positions  of  the  electrodes.  One  pole  maybe  placed 
at  the  back  of  the  neck  and  the  other  just  above  the  manubrium  sterm\ 
or  the  poles  may  be  pressed  against  the  larjmx  by  the  inner  border  of 
the  sterno-cleido-mastoid  muscle,  or  one  of  the  poles  may  be  in  the 
hand  of  the  patient.  These  methods  are  best  adapted  for  Che  pur- 
poses of  producing  a  sedative  or  tonic  effect  on  the  inflamed  and  irrita- 
ted membranes.  We  have  frequently  used  this  treatment,  for  about 
five  minutes  after  the  application  to  the  laiynx  of  irritating  caustics, 
with  satisfactory  results.  There  is  no  question  that  the  faradic  current^ 
employed  perseveringly  by  these  methods,  and  in  cases  of  aniemia  and 
general  debility,  by  general  electrization,  will  alone  accomplish  some- 
thing in  anemia,  subacute  inSammations,  and  nervous  debility  of  the 
larynjt. 

Aphonia  — There  are  few  local  disorders  that  yield  more  uniformly  oi 
readtly  to  any  method  of  treatment  than  aphonia  to  electrization.  In 
3rder,  however,  to  form  a  correct  idea  of  its  value  in  these  cases,  or  tc 
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inteUigenily  comtnumcate  the  results  of  electrical  treatment,  ii  rs  neces 
sary  to  have  not  only  a  knoivledge  of  the  general  nature  of  tlie  discasf 
but  to  appreciate,  so  far  as  possible,  the  exact  patliological  cooditm 
of  each  individual  case.  Above  all,  it  is  necessary  to  decide  wrbcthei 
the  symptom  is  of  an  organic  or  of  the  so-called  functional  character. 
Mackenzie,  who  has  had  an  extended  experieoce  in  nervous  affections 
of  the  larynx,  and  iheir  treatment  by  electrization  and  otherwise,  adopti 
the  following  nomenclature  of  the  paitilyses  of  the  muscles  acting  on 
the  vocal  cords  ;  * 

I.  Bilateral  paralysis  of  the  »5ductor», 
X  Unilateral  paralyMi  of  the  ftdductom 

}  Bilateral  panxlysis  of  the  abductors, 
4.  Unilateriil  paralysis  of  an  abductor. 
3,  Paralysis  of  the  tensDrs. 
6>  Paralysis  of  the  Isxors^ 

The jSrit  of  the  above-mentioned  pathological  conditions  of  aphonia  U  sappoiecS  H 
depend  most  frequently  upon  hysteria,  and  debility,  and  rca«lily  jieUls  tc»  tfcalnKnL 
In  these  cases,  liovvever,  which  are  too  frequently  but  the  laeal  fnanifestatioa  of  a  co»* 
athutional  disorder,  it  has  been  our  custom  to  rely  on  general  as  wcU  as  Jocaiiied 
eleclrizatioti. 

Central  difhcuUy  is  rarely  a  cau<£  of  bilateral  paralysis  of  the  »ddoc(or%  bot  it  i»oot 
uncummnn  in  certain  stages  of  philu^s.  In  37  cases  of  phthl^l^  cKiiniincd  by  MAfkcn* 
tie,  it  which  tlie  voice  was  ajfcctcd,  he  found  that  in  36  there  was  Ibickeniug  tir  ctm- 
gestton  of  the  miicoufi  membrane  of  the  larynx,  while  in  II  the  afTection  waj  porciy 
fiinctionnl.  Aphonia,  th-cn^  coexisting  with  pulmonary  tuberculosis,  nuy  oftcs  be 
readily  relieved  by  local  treatment  alone. 

Hysteria  and  debilily  are  not  so  frequentlv  the  cjmse  of  unilsteral  paralyus  of  tbe 
adductors  as  of  the  Arst-named  condition^  This  second  cause  of  aphoaia,  however, 
may  be  due  not  only  to  phthisis,  bat  to  toiseniic  poisi^ning.  to  sj  philU,  to  cold,  (0 
muscular  strain,  and  even  to  cerebral  disease.  We  would  naturally  infer  that  thb 
fonn  of  aphonia  would  be  more  persistent  than  the  first-named. 

Oiidcal  experience  ho-i  ct>nFirmc*d  this  inference, 

BitatcTul  p:iraty^is  of  the  abductors  of  the  vocal  cords  hat,  onrorturrfttelyt  for  til 
causation,  in  the  Tnajority  of  cases,  some  central  difBculty, 

The  prognosis  is  of  course  most  scriouii,  but  fortunately  this  eonditlon  b  wttj  firdy 
met  with.  Unilateral  {paralysis  q(  an  ab:tiiclor,  although  depending  on  the  same  gOK 
eral  cau!ic  as  the  bllatfra!  form,  yel^  more  frequently  than  the  liLSt'oamed,  U  ts  ckciIb) 
by  £ome  peripheral  irritation^  as  pressure  on  tbe  pneumogristric  nerve^  or  upOQ  OM 
recLirrcnt  ner\'c.  by  an  aneurism  of  the  arch  of  the  aorta.  The  p«aigiK>$($  ia  thcK 
cases  i'R  also  unfavorable. 

paralybis  of  the  tensors  and  laxors  (both  the  bSateraJ  and  QQilateral  form)  arv  op- 
posed to  result,  in  the  majority  ot  cases,  from  a  too  prolonged  or  violent  use  of  Iki 
voic&    Both  are  £sid  to  be  quite  amenable  to  treatment, 

•  On  the  Larytigosropc,  etc.,  p.  1S3.  Also  Hoarseness,  Loss  of  Voice,  and  Sbrid 
kIous  Breathing,  in  Relation  to  Nervo- Muscular  Affections  of  the  Larjm.  i3i6& 
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sspasm  of  the  muscles  controlling  the  vocal  cords  is  an  additional 
catisc  of  aphonix 

TVfti/mi-w/,— Mackenzie's  method  is  to  make  the  application  directly 
lo  the  cortls  by  means  of  laryngeal  electrodes  {p.  6^2)  devised  by  hini. 
He  uses  the  faradic  current. 

The  direct  aj3j)!ication  of  electricity  to  the  vocal  cords  is  undoubtedly 
more  eflicacious  in  restoring  loss  of  voice  than  simple  external  appli- 
cation. This  latter  method  is^  however,  underrated  when  it  is  said  that 
it  "  sfifUm  restores  Ihe  voice  ivhen  it  has  been  lost  any  length  of  lime," 
Several  caseb  that  we  ha>'e  treated  at  various  times  illustrate  very  deci- 
dedly the  beneficial  results  that  may  follow  external  applications,  even  in 
cases  where  the  disorder  has  persiisled  several  months.  We  are  the 
more  gratified  to  be  able  lo  make  this  statement  from  the  fact  that  the 
external  is  much  more  readily  performed  by  the  operator  than  the  inter- 
nal application,  and  is  far  more  agreeable  to  the  patient.  It  is  far  better 
ai  first,  in  all  ordinary  cases,  to  make  use  of  the  external  method ;  and  if 
it  does  not  succeed,  it  is  time  enough  to  resort  to  the  direct  application* 
The  instrument  of  Mackenzie  is  thus  described  in  his  own  words : 

*'  It  consists  of  two  parts,  viz.,  the  necklet,  which  the  patient  wears, 
and  to  which  one  chain  of  the  battery  is  attached,  and  the  laryngeal 
electrode  itself,  which  is  connected  with  the  other  conductor.  The 
electrode  is  so  constructed  (sec  cut)  that  the  current  does  not  pass 
beyond  a  certain  point  until  the  pole  is  seen,  in  the  laryngeal  mirror, 
to  be  upon  the  vocal  cords,  when  the  operator  touches  a  litiie  spring  in 
the  hatidle>  and  the  current  immediately  passes  through  the  laryngeal 
muscles.  The  necklet  should  be  worn  rather  low^  so  that  it  covers  the 
sides  of  the  cricoid  cartilage,  and  the  space  between  it  and  the  thyroid. 
In  this  way  the  lateral  adductors  of  thtt  cords  (crico-arytenoidei  laterales) 
can  be  most  easily  reached ;  and  the  arytenoideus  proprius,  or  central 
adductor,  may  be  electrified  by  placing  the  pole  on  the  posterior  sur* 
face  of  the  arytenoid  cartilages. 

**  I  generally  keep  the  pole  in  the  larynx  for  three  or  four  seconds 
each  time  it  is  introduced,  and  pass  a  succession  of  short,  rapid  shocks 
through  the  larynx ;  and  at  each  sitting  I  apply  the  pole  to  the  interior 
of  the  larynx  three  or  four  times."  \ 

Mackeni?ic  is  of  the  opinion  that  the  effects  are  of  a  re^cx  a&  well  ts 
direct  character, 

Meyrr*  reports  successful  results  in  the  treatment  especially  of  hy* 
terical  apho  ila  by  the  electric  moxa,  applied  to  the  larynx. 


•  Op^  dt. ,  p.  436  et  seq. 
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Sorne  of  his  cases  were  cured  by  a  smgle  apptication ;  m  othen  i 
course  of  treatment  w&s  required*    Tobold  speaks  favorably  of  tbc 


electric  moxa  in  hysterical  aphonta.  ft  should  be  borne  io  mma  tfta 
in  hysterical  aphonia  any  form  of  im'tadon,  external  or  interna},  eleO 
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trica!  or  otherwise,  may  cause  instanUneous  cure.  Some  of  ihe  most 
brilliant  achievements  of  mesmerizcrs  and  of  those  who  practise  laying 
on  of  hamk  an<]  other  flummeries,  have  been  made  in  hysterical  aphonia. 
Kind  of  Currtui  to  be  Emp!0ytti,^Vox  electrization  of  the  ]ar)T^Xj 
'^itemally  and  iutemaUy,  both  currents  have  been  used  with  success. 

IRRITATION  OF  THE  MUSCLES  OF  THE  LARYNX.* 

Crk&  thyroui, — This  muscle  may  be  caused  to  contract  by  applymg 
pointed  electrodes  by  the  conoidal  ligament.  The  effect  of  the  con- 
traction is  to  cause  (he  annular  and  thyroid  cartilages  to  approach 
each  other* 

Aryttnoid  Transverse^  at  the  posterior  surface  of  the  arytenoid  carti- 
lages. The  effect  of  the  contraction  of  the  muscles  is  to  cause  the 
cartilages  to  approach  each  other. 

Crieo  arytcmid  attd  Tkyro  ^ryienmd  mnsdes^  in  the  sinus  pyriformis, 
between  the  posterior  border  of  the  thyroid  cartilages  and  the  plate  or 
surface  of  the  cricoid  cartilages. 

Crien^itryiendid  Posterior  (dilator  of  the  glottis),  downward, and  back- 
ward froni  the  sinus  pyrifonnis. 

Crico  arytenoid  lateralis,  in  the  sinus  pyriformis  on  the  exterior 
border  of  the  surface  of  the  annular  cartilage.  Contraction  of  these 
muscles  produces  rotation  of  the  cartilages  of  the  larynx,  with  move- 
ment of  the  vocal  cord  toward  the  median  Hne, 

T/tyr&  aryietwid^  beneath  the  anterior  superior  border  of  the  crico- 
arytenoideus  lateralis.  Contraction  of  this  nniscle  brings  the  cartilages 
of  the  larynx  forward  and  downward,  and  narrows  the  glottis. 

Thyro  epi^hitic  and  ary-epig(ottk  mmcUs^  at  the  border  of  the  epi- 
glottis. 

Fr0gnQsis  in  Aphonia.— -Th^  prognosis  in  aphonia  depends  entirely 
on  the  pathology.  In  functional  (bilateral  paralysis  of-  the  adductors) 
aphonia  the  prognosis  is  more  favorable  than  in  almost  any  other  dis- 
ease that  is  known  to  science.  The  majority  of  cases  will  recovert 
whether  externa!  or  internal  applications  are  used,  although  Mackenzie 
contends  that  the  recovery  is  much  surer  and  speedier  tiian  when  only 
internal  applications  arc  used.  He  says,  out  of  more  than  twp 
hundred  such  cases  he  has  succeeded  in  all  except  foun  In  some 
of  these  cases  the  aphonia  was  of  six,  seven,  and  cveu  eight  years' 
standing. 

•  The  subject  of  direct  clectrtratlon  of  the  lujngeal  mosdci  has  been  itudied  b| 
SiemHcn.    Eleklhdit&t  in  der  Medicio,  iSC^. 
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In  unilateral  fara/ysis  of  the  addu€it>rs  the  prognosis  Is  good 
the  origin  is  local,  and  bad  when  it  is  central. 

In  bilateral  paralysis  of  the  abductors  and  unit^tral ^rafysif  pf  ikt 
ahdtutor  the  ^>rognosis  is  unfavorable. 

In  paralysis  of  the  tensors  of  the  vscal  eord  ihe  prognosis  is  usiiail| 
favorable.  i 

Itv  paralysh  of  the  laxors  of  the  tmat  €&rd  the  prognosis  is  on  Xht 
whole  favorable,  but  much  time  is  rtquired. 

Aphonia  af  f&ttr  months  ttattdingj  caused  &y  ixpoture  io  eald'^XfrffWry  afitr  fjrar 
txternai faradivtiMonjt. 

Case  CLIII.^ — Miss  K.,  a  robust  young  lady  of  iS,  consulted  as  in  October,  \ft^ 
for  a  persistent  and  an  almost  complete  Bjilmnia,  fruin  which  the  famd  beea  loAr- 
fng  tvithouL  any  relief  for  four  months. 

She  stilted  that  oti  tlie  evening  of  llie  AttAck  was  cnjcyti^  A  $ftU  with  ftpartj 
of  young  fricmlb  un  one  of  our  rivers  She  haJ  ftJi  iyOivxe  lime  pxevlouUy  etunpUiMl 
of  iilij^lit  LntLaliun  oT  throal,  but  it  caused  but  liiLic  ajirtnjance.  The  cixnin^  VW 
wmcfrhat  damp»  and  the  patient  carelessly  isncovercJ  lier  head  rluring  the  whole  tiaie 
the  pa.rtj  remainecE  in  the  boR.C,  Whtle  ringing,  and  endeavOfinj^  (o  strike  a  very 
hig]i  notCt  she  fdC  a^  if  somelKmg  in  her  throat  had  "relaxed  or  suddenly  pvta 
way.'*  For  one  w«k  she  remained  so  completely  aphonic  that  she  could  not  (Mlcr 
an  InieHigcnt  word.  In  the  course  of  mother  week,  however^  li&e  couJd  c|icak  at 
time*  so  as  to  be  understood,  but  only  with  considerable  difficulty,  and  nol  abore  t 
very  feeble  wlilsper.  At  this  pouit  all  tmpri^vi^meut  reawi»  and  nn  farm  of  aMSk%- 
tlon,  or  cittern^  or  internal  ajiplic^tion,  seemed  ta  !>c  of  any  benefit  wfttlrfCr. 
Laryngoscopic  examination  revealed  the  roHwHing  condition  of  the  parts  affected: 
On  attempting  to  speak  the  right  vocal  corfJ  remained  almtisl  if  not  quite  mo(kAlei^ 
while  its^  fellow  approached  the  mei-lian  line.  It  was  evident  froD>  ibe  feetde  ni 
imperfctt  working  of  the  left  cord,  that  U  alw  was  ton^)*lcTaljly  Involved  uul  dovte- 
tes&  had  been  coinpletciy  paralyzed.  The  surrounding  tissues  were  coatidcnl^ 
congested,  i 

The  negative  efeetrocTe  was  placed  upon  Ihe  spine,  between  the  shAulder4)l*dt^ 
(Uid,  using  our  fingers  as  electrodes,  passed  a  steady  ctirretLt  ihtTnfh  the  neck 
for  about  ten  minutes,  At  Ihe  concUtstnn  of  the  sdance,  the  patient  could  spiafc 
in  rjuite  n  loud  whisper,  and  a  second  examination  with  the  laxyrxgoscope  twwUd 
the  fact  that  the  right  vocal  chord  pcrceptihiy  approached  the  tticlian  line  tlaring  the 
act  tjf  phonatipn.  The  voice  of  the  patient  gained  strength  ra|ndly,  until,  {n  foul 
days,  and  after  receiving  but  two  similar  fippHcatians,  she  was  able  to  s^tcAJi.  as  iMd 
and  stJtg  as  vigorou-'dy  as  ever. 

Aphoma  fffUffwing  dif'hi,\a^a — Mitfiid  rtf^vo^y  timJer  dirtet  /aradiaati^m  0/  At 
ntui^tes  of  ilu  gtottii. 

Case  CLI  V,—  Miss  G.,  aged  22,  and  suiTcriog  from  functional  aphonia  mbMqoat 
to  a  slight  diphiherttic  attack^  consulted  us  to  ihe  spring  of  '71.  Iter  inaLitUry  to 
■peak  ahove  a  whisper  hiv!  existed  noine  two  weeks. 

KKaniination  wltli  the  laryngoscope  revealed  biiaterat  p^niyib  of  the  musdei^  do» 
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bft^  glottis,  with  a  slighilx  congesred  condition  of  the  tuirDUiiduig  tissues.  Th« 
patient  wa^  oncemic,  and  exce^vdy  ncrvoii!^  aad  In  the  trealment  we  alternated  gen» 
cfal  raradiziktion  uiih  direct  fiiradibxiion  of  the  muscles  of  the  glottis. 

TUe  tonic  ejects  of  thc&c  appHcatiom  were  soon  mftnifest,  not  only  in  the  iBiyngml 
muix  lcs,  liut  ufton  the  s^yatem  f^eneralty  i*^  well. 

She  gaineti  rnpklly  in  nenrou*  vigor,  and  within  two  weeks  her  strength  of  voice 
entirely  rctunud. 

Dr.  F,  I.  Knight,*  of  Boston,  has  reported  a  case  of  complete  paralysis 
of  one  recurrent  laryngeal  nerve,  and  partial  paralysis  of  the  otheri  that 
was  benefited  by  the  galvanic  current  locally  applied. 

The  following  case  we  transcribe  from  Mackenzie's  work : 

Jjyt/kama  of  a  jfMf*t  ^traiian^  / ram  pofot^sts  sf  the  taxijrt  ef  the  rtgki  two/  eera 

CMiTfJ  by  tifctrteity, 

Hudam  C  ,  Aged  34*  *  prorc^^QOAl  singer^  cullautted  mc  iti  May,  1865,  oti 

iiccount  of  a  difficulty  iJic  liad  experienced  duilug  the  last  year  in  forming  lier  lower 
notes-  Iter  voice  in  the  ordinary  way  extended  from  d  above  the  line  to  d  below,  A 
year  Ago  she  hr&l  c^tpcricnced  slight  difficnlty  tn  running  the  lower  a,  nnd  in  Januai^ 
alie  could  nui  reach  l>eyond  b.  During  the  last  (wo  months  she  hatl  nol  been  able  to 
Hng  al  all,  even  in  private*  She  broke  dt>wn  dirvctly  die  attempted  eveti  a  few 
nots.  She  attributed  ihe  lofs  of  power  to  a  strain^  fl<i  she  firfitt  noticed  the  difficulty 
After  the  pcrfi>rinancc  of  along  and  trying  cantata,  which  had  been  twice  encored. 
At  the  tiipe  ^Iie  had  experienced  *a  stinging  senutiont  extending  fronn  the  right  side 
of  the  Ihtoat  up  towards  the  ear/ 

**  She  had  been  constaatly  under  treatment  since  her  voice  fiist  becaine  affected. 
The  only  thing  which  hod  «eemed  to  do  her  good  was  a  solution  of  caustic  applied 
the  throat  with  a  piece  of  sponge  at  the  end  of  a  whalebone  rod.  Btit  though  this 
treat  mcnt  always  ^jvc  temporary  reUcf,  there  was  no  permanent  improvement.  On 
making  a  laj^ngoAcuplc  examination,  the  paraUeilsm  between  the  vocal  cord«  was  seen 
to  be  lo&t,  the  right  cord  cuR^iog  away  in  the  centre  from  the  mediEUi  1in&. 

"The  treatment  (direct  electrization  of  the  rigUt  vocal  cord)  was  long  and  tediom 
in  this  case.  At  the  encl  of  sax  weeks  there  did  not  appear  to  b«  any  tmprovcment* 
and  1  should  have  given  it  up  had  not  the  patient  most  eamejitly  heggetl  of  me  to 
continue  a  little  longer.  I  was  glad  that  I  did  so,  for  a  fortnight  later  the  patient 
perceived  a  marked  improvement  in  the  voice.  In  order  to  test  the  voice  I  used  to 
allow  the  patient  to  sing  a  few  notes  once^  week,  but  at  no  otiier  lime.  At  the  enil 
of  three  months  the  voice  was  decidedly  improved,  and  the  following  autumn  the 
vuke  was  so  completely  restored  that  the  lady  was  able  Co  accept  an  engagement 
b  Madrid.*' 

Spasmus  G/oitidU  (Laryngismus  StriMus — Spasm  of  the  GhU 
tis*J — In  this  affection,  which  is  acknowledged  to  be  of  a  tiervous  chai- 
acter,  elcciHcal  treatment  is  indicated  on  the  same  principles  on  which 
tt  is  indicated  in  iGrtkofiiSt  wrtUt^s  cramp,  and  facial  spasm. 

The  disease  is  caused  by  any  influences  thai  depress  the  system. 

*  Soe  Archives  of  Elect  m(t^'  uhd  Neurology »  May.  iS/^ 
37 
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In  children  it  may  arise  by  reflex  action  from  the  iirilaiion  of  tc 
or  of  worms  i  in  adults  it  is  ohca  an  arcompao'iiient  of  hystcrra, 
arises  from  diseases  of  the  sexual  organs. 

Trratfuertt. — General  faradization  and  galvanization  of  llie 
thetic,  atid  external  galvaniiadon  and  faradiiation  of  the  larjTix  hf 
of  the  methods  previously  described. 

TolioUI  reports  success  with  jjeripheral  and  central  gatvanixatio 
this  disease.   A  strong  maiden,  23  years  of  age,  who  was  attacked  repi> 
larly  every  niglu  with  severe  spasms  of  the  larynx,  was  entirely  cur 
in  four  weeks  by  galvanisation. 

Nm&tts  Ctfw^A.— 'Electrical  treatment  is  sonietimes  excellent  for 
nervous  coughs  of  various  kinds.  External  faradixaiion  or  galvaoba- 
tion  or  central  galvanisation  are  indicated. 

The  following  unique  case  may  as  well  be  inserted  here  :  I 

Spasmodit  cough,  uttique  in  charatt^t  ^"^  ^/  >t»tiutnii  f^rthttttey  an^  ttwrity— 
/^rtavery  under  central  gaivamtathn. 

Care  CLV. — Mis*;  II.,  aged  16^  was  Irnnsfcrred  lo  our  care  by  the  txmlAy 
rian^  Dr.  H.  II.  Grc^jory,  Tliecase  is  an  example  uf  an  unusuaJJy  *^&crp(ib1enrjvoai 
organizjition,  and  b  a  good  illustration  of  the  readiness  wirh  whfcli  mmny  so-ralld 
nervous  symptoms  change  their  scat  and  tlj-iractrr.  The«listmct  ant!  positiire  fnnira 
that  -Staiiit  so  l>o1dly  relieved  In  the  pragress  of  this  partkuEnr  Cttf«,  inay  serve  (o  ci* 
pbiii  llie  more  subtle  ami  less  marked  changes  pf  symptom*  lliat  so  often  ucrvr  is 
certain  nervous  diallieics,  only  to  perplex  anil  to  set  at  naught  ilic  resources  of  then* 
peulics.  The  patient  was  a  lively,  itnprcwble  girl,  prone  to  pliyvical  indi^-rcnoni^ 
and  carded  of  consequences.  S]ie  liiid  KufTcred  for  a  numl^er  of  yc&rs  from  frcqacat 
anti  unusually  severe  ai  lacks  of  uck-headache,  but  as  soon  o^s  the  p.-iroxj'^n  had  pasiel 
away,  she  reg^iinetl  her  usual  slrenglh  and  buoyancy.  TJic  suddcri  anrt  tineY|)nlCij 
denth  of  A  ;>i^ti?r«  naturally  enough,  atirred  up  her  emotional  nature  to  depcbi,  md 
lo^^ethcr  with  an  imprudent  ex[>>siire  of  lier  person  to  coUi  and  dampness  seeined  tn 
be  the  cKciting^  cau«*of  a  most  remarkable,  persistent,  and  Ji3tre&stD{>  raugii,  whick 
Jtlight  nt  firsfj  renclictl  tls  height  in  severity  in  the  month  of  March,  1872.  Anudtbr 
nUmUerlcs^  cffoita  thai  were  made  by  both  hiternaJ  medicAlJon  and  inlialafionv  bat 
one  remedy  seemed  lo  be  of  the  slij^hlest  service.  For  a  time  the  paroxysnix  %ftratsi 
to  abate  somcvvliat  under  the  inAuenee  of  cbloraK  aUliou^h  no  permanent  benefit  wn 
derived  from  its  use  When,  during  tJic  latter  part  of  Jiily,  we  first  «w  the  case, 
through  the  kindness  of  Dr.  Gregory,  the  following  was  the  j^rDtuinent  rbaractrrutlr 
of  her  parpxysnifl]  attacks;  Every  one  will  instantly  recognise  the  peculiar  har»fa  ot 
gr^tin^  sound  which  is  ^  often  eliciied  by  the  downward  ihruist  of  a  saw  thai  is  im- 
prD)icrly  handletl  or  in-.tilFw  ieutly  oiled.  The  cou|;h  of  our  patient  exxu-ily  fimulaled 
ilii:i  ^utid,  and,  when  It  lir^t  fdl  upon  our  earSf  we  supposed  that  aonie  one  was  -air- 

in  the  adjuinmg  room. 
,  During  a  paroxy&m,  the  ciEpiratory  efforts  were  just  one  3  second  in  fref|ue»cf»  vd 
Irom  a  dozen  to  «txly  hi  numl^er. 

The  violunee  of  the  .utiack  wunld  rai^k  bu  lerritjly,  nud,  when  prolonged,  wi*  fol- 
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tomd  by  conuderabTe  CKhaustion.  The  poTDxysms  themselves  occtjred  so  liFten, 
some  twcniy  or  tweuty-five  times  diiria^  the  twenty-four  hours,  that  she  was  neces- 
waj\\y  obliged  give  up  all  fLtlcodauce  at  places  of  pLibtic  resort,  and  coofine  her- 
Klf  mostly  At  home. 

On  accr>unt  of  our  absence  from  the  city  most  of  the  tnonth  of  Au^^^^^  P^' 
Cicat  WAS  not  fairly  submitted  to  oui  treatmem  until  September.  We  (hen  submitted 
ber  lo  a  Ihoiough  bryiigo&copic  e^^tntnatiaD,  and  foand  nothing  abnormal,  with  the 
ejneeptiou  of*a  aJighl  tendency  to  congestion  of  the  local  cliords.  To  dis»pate  auy 
doubt  in  regard  to  thfi  existence  of  palmanary  diacase,  the  patient  was  thoroughly  ea* 
aiained  by  Dr.  Ausiio  Flint,  who  proooiuiced  the  luQgs  lo  be  in  a  beatthy  condiiioa, 
and  agreed  a&to  the  esscnlLally  nervous  origin  of  the  symplonis. 

In  the  treatment  of  the  ca^  by  central  gnlvanizalion  we  were  gratified  to  observe* 
after  the  fir&t  few  lenlative  appUcations^  an  apprectal>le  improvement  in  the  charac- 
tef  nf  the  cough.  Iniitead  of  tSiat  harsh  and  painful  sound,  resuliing,  as  we  believedi 
from  the  eKceedingly  ten^  condition  of  the  vocad  churd<)i  the  cuugh  ai&umed  a  wrtcr 
or  looser  character,  Eind  was  much  lesa  disturbing  ;  this  we  conceived  depended  on 
the  decreased  local  spii?niodic  action.  Freed  from  wearisome  details,  the  subsequent 
history  of  the  case  h  included  in  the  simple  statement  that  ttie  pAtient  tmpioved  from 
time  to  time,  uulil,  after  two  mombs^of  treatment.,  and  the  adniiiditralioi]  «f  some 
ihirty-Gvc  applications,  the  recovery  wai  po-fect. 

Two  years  have  now  elapsed  since  recovery,  but  the  patient  remains  welL 

In  the  case  of  a  young  girl  sent  to  us  by  Dr  Leatning,  there  was  a 
nervous  cough  that  perfectly  resembled  the  barking  of  a  dog,  Laryn* 
gosco|jJC  examination  revealed  nothing  to  account  for  the  strange  symp- 
tom.   Electrical  treatment  accomplished  nothing. 

Ilyperasthesia  of  the  Larynx. — Cases  of  this  disease  have  been  re- 
ported by  GerhartJt  and  Hanfield  Jones.  They  may  be  either  constant 
or  intermittent.    The  following  case  is  quite  remarkable : 

Hyptr^tke^a  of  iarynx  ruiih  nfrpttus  aphonia  of  ont  year's  Handing^No  vijt" 
bU  &tit  slight  tuherfulaus  deposit  ott  lung — Griat  pain  fr^m  ta/Jti*$g~— 

No  Keiiff  under  ern/raj  and  ieraJ  galvanivifion^ 

Case  CLVI. — Miss  B  ,  a  young  lady  from  Chicago,  was  referrett  to  U3  by  Dr 

Johnson,  of  that  city,  December  16,  [871. 

The  patieiii  was  of  a  delicate,  thoroughly  American  type,  but  no  more  nervous  than 
Lhouujids  of  our  countrywomesi. 

For  one  yeaj-  she  had  suffered  from  absolute  aphonic.  The  laryng«mcoptc  examina- 
tion of  Dr,  Johnson,  her  physician  in  Chicago,  and  of  others,  indicaici:!  no  local  le^^ion 
that  could  welt  account  for  her  Bymptoma,  although  a  slight  tuberculous  dqxtsit  of  a 
passive  »id  statiooaiy  character  was  detected  by  Dr.  Clark  in  one  lung.  All  the 
accompanying  symptoms  pointed  toa  nervous  origin  of  ber  disease.  The  hyperi^the«iB 
was  very  rciaajkable*  The  patient  said  the  pain  from  whispering;  wn.s  w  great  that, 
••when  I  try  lo  whisper  I  suffer  terribly,  become  dizzy,  and  have  pain  in  my  ear.''  1 
often  feel/*  she  cantinued,  "  as  if  every  word  1  whispered  grated  on  the  Titcal  cordsi 
«nft  to  laugh  would  mak£  ike  dttds  achi.*^  Almost  Continually  there  was  poin  in  ibi 
ihrcMt,  and  on  thb  account  her  tiij^hta  were  wakeful. 


fvidcnBc  mi  pretty  dtn  that  th«  ncrvs  mppkyin^  I  be  Urjnx  vm  mimk 
of        hyparaBitbe!^^,  producuij^  a.  con  litios  wrfqfou  to  Taeiwifc, 

■ctiaa  of  tfae  ooH^  wfdiatt  beaeftc.  &Hfale  gilirMte^  «m  wtil^ 
of  eatttitig  tlie  itfitabOitsr  Md  ra^K^  the  IqrpMFnAltt^  bat  mJikm 
^Mflt  ft  BOBtli  thfl  pfttlaiit        Samb  Cor  cbt  n^Mta^ 

other  intcrslmg  pomts  in  this  cue  ii  the  dinicdl  proof  pHordid^fAl 
.Action  or  the  vocal  curd^  wiih  the  nicLLtui  auJit'iiri^i^  zivt  memlirHi 
The  Anatomic^  explajiaLiac  of  the  phcnomt^A  rccortlcd  here  itta  b< 
in  lli^i/irrct  iroinmuiiicaLioLi  cxbt  ing  between  the  ftmiciiitf  nenre»  ( first  tlf^iW 
%  AflMald)  ud  the  iciuiltiva  fifans  wtudi        ia  Ivp^  imm  (ha  Mmfltedf 


Amesthesia  &f  th^  Larynx, — This  u  an  afiTectioa  but  rardj 
1%  wQuld  be  mose  likdy  to 
iwrvci  of  tiieir  krjmgcal  bnnches. 

It  ii  rMumi  to  wppose  thftt  atuextlicsia  of  the  laiyox  m^t  be 
ceM&Uiy  treated  by  electruation  in  its  varioin  !      ;  v>i\  umcpift 

in 
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For  two  reasons  the  diseases  of  the  eye  are  not  quite  as  amt^nable  tc 
electrization  as  corresponding  or  anaiogous  diseases  in  some  other  parti 
of  the  body. 

/7rj/.  The  anatomical  position  of  the  eye  is  such  that  the  cuiTent 
cannot  be  directly  localized  in  some  of  its  parts  ;  and  secondly^  the  ap- 
plication of  a  very  strong  current  is  sometimes  contra-indicated  by  the 
sensitiveness  of  the  conjunctiva,  and  the  possible  injury  that  may  be 
ne  to  the  brain. 

For  these  reasons  paresis  and  paralysis  of  the  muscles  of  the  eye— 
the  conditions  of  the  organ  thai  are  most  frequently  treated  by  elec- 
tricity— cannot  be  as  successfully  subjected  to  electro-diagnosis  or 
therapeutics  as  the  same  conditions  of  many  other  muscles,  although 
therapeutic  results  in  many  instances  of  a  decided  character  are  obtained 
from  electrization  of  the  paretic  or  paralyzed  muscles- 

The  principal  diseases  of  the  eye  for  which  electricity  has  been  em- 
ployed with  more  or  less  success  are  : 

Paralysis  of  the  Muscles^  PiosiSy 
Asthenopia^  Opacities  of  the  C^nea^ 

Metinal  Hyperasthesia^  FhotPphobia^ 
Amaurosis  ami  AmbiyQpia^  Mypds  and  Mydriasii^ 

Spasm  of  the  Lid,  and  Nturo-retittitis. 

EUctrimtim  of  the  Ey€. — The  electric  current  affects  the  eye  both 
directly  and  through  retlex  action  from  the  fifth  pair,  and  also  through 
fhe  sympathetic.  As  has  been  stated^  the  anatomical  position  of  the 
eye  within  its  bony  cavity  makes  it  impossible  to  reach  all  its  parts  as 
directly  as  could  be  desired  ;  while  the  exceeding  delicacy  of  its  struc- 
ture makes  it  at  least  very  difticuU  to  make  the  applications  imme- 
diately to  the  conjunctiva. 

The  eye  may  be  electrized  in  a  general  way,  in  asthenopia,  for  ex- 
ample, by  pressing  one  large  positive  electrode  over  the  closed  eye, 
and  the  other  at  the  occiput  or  by  the  side  of  the  head  above  the  cheek- 
bone ;  or  one  of  the  electrodes  may  be  held  in  the  hand.  When  it  ti 
desired  to  produce  chetiucal  changes  in  the  eye  this  stable  method  of 
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application  may  be  used  for  some  time.  FUcing  the  positive  pole  or. 
rhe  forehead  or  in  the  auriculo-majtiHary  fossa,  the  superior  oUiqisc  rcuif 
be  excited  with  the  negative  pole  on  the  upper  and  inner  inrtof  tU 
orbit ;  the  inferior  oblique  and  rectus  inUrnus  near  the  inner  angle  of 
the  eye  on  the  side  of  the  noiie  i  the  rectus  txiemus  at  ihe  outer  angle 
of  the  eye;  rectus  superior  at  the  upper  part,  and  the  recfui  t*- 
Jerinr  at  the  lower  part  of  the  eyeball.  Galvanization  of  the  eye  wiib 
iuterniptcd  currents  Co  alTect  the  muscles  should  usqaJly  be  short,  bti: 
stable  or  labile  faradisation  with  large  elecirodes  may  sometimes  be 
made  for  a  much  longer  time — three  to  ten  minutes. 

Paresis  ( e:xhaitsfim )  or  paralysis  of  the  jhuscIcs  of  the  eye  may  arise 
Irom  cerebral  lesions,  or  may  be  of  a  peripheral  character.  Locotooto* 
ittaxia  is  frequently  preceded  or  accompanied  by  disorders  of  the  mm- 
cles  of  the  eye. 

For  the  purpose  of  affecting  the  muscles  of  the  eye  the  galvanic  cm- 
rent  is  usually  superior  to  the  faradic  A  small  number  of  cells^  ftora 
ter^  to  fifteen,  are  usually  sufficient.  Galvanisation  of  the  sympaihciic 
should  aho  be  tried  in  tho^c  ca^es  tiiat  are  supposed  to  be  of  cerebral 
origin.  Short  treatments,  from  one-quarter  of  a  minute  to  one  or  l«v 
minutes,  are  preferable  to  longer  applications.  In  tliese  conditioaj 
protracted  stances  not  unfrequenlly  do  injury, 

HerCj  as  elsewhere,  the  sensitiveness  of  the  patient  and  the  results  in 
each  ca^ie  are  perhaps  the  best  guide.  And  yet  it  is  always  well  tobt 
cautious  in  the  first  applicatioti,  !n  diseases  of  the  eye,  as  of  other 
parts  of  the  body,  we  meet  with  exceptional  cases  that  will  bear  and 
be  benefited  by  very  protracted  applications  of  mild  galvanic  currents. 

The  unfortunate  accident  that  happened  lo  Duchenne — total  de- 
struction of  the  sight  of  a  patient  immediately  after  galvanLtation— did 
nnich  for  a  time  to  retard  the  electro- therapeutics  of  Uic  eye.  The 
accident,  however,  has  never  been  repeated,  although  the  electro-lhen- 
peutists  of  the  present  day  galvanise  the  eye  and  the  brain  with  greil 
freedom, 

IfOcalized  faradizaiien  has  been  somewhat  successful  in  the  treat- 
ment of  paralysis  of  the  muscles  of  the  eye  in  the  hands  of  Meyer,* 
Soelberg  Wells, f  and  Althaus.J  Ahhaus  has  succeeded  with  the  Us%* 
die  current  after  failure  with  the  galvanic.  The  cuncnl  fcvcrser  elec- 
trode is  very  convenient  for  the  treatment  of  paralysis  of  the  muscles  of 
the  eye. 

Pr&gmsis  in  Paralysis  of  the  Muscles  of  the  Eye. — ^The  prognosis  of 
•  Ofw  cit.  p.  378,      f  Di««!tse«  of  the  Eye,  1869,  p.  568.      %  Op.  dl.*  49^ 
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par^lysib  of  the  eye  that  dc^pends  on  cerebral  lesions  is  usually  uiifa  for- 
fl.ble.  Ca^es  th^t  arise  in  the  early  stages  of  disease  of  the  brain  or 
spinal  cord,  as  locomotor  alalia,  and  early  syphUitic  cases^  offer  a  good 
progiiosis,  though  they  are  disposed  to  relapse. 

Peripheral  cases,  when  taken  in  the  early  stages,  have  a  very  favor* 
able  prognosis,  but  not  so  with  cases  that  are  long  standing. 

Benedikt,  speaking  of  the  prognosis  in  cases  of  paralysis  of  tlie  eye, 
declares  that  of  eiglit  cases,  tVoui  various  causes,  that  were  sent  to  him 
by  Wecker,  of  Paris,  in  seven  there  was  immediate  improvemenL* 
The  same  writer  states  that  when  the  absolute  excursive  capacity  of 
the  pupil  is  little  altered,  but  double  vision  is  present  in  a  great  j>arl  of 
the  visual  field,  the  prognosis  is  unfavorable. 

In  some  cases  improvement  follows  early,  after  one  or  two  sittings, 
or  during  the  midst  of  the  sitting ;  in  other  cases  net  uiHil  ten  or 
fifteen. 

The  tendency  with  patients  and  physicians  is  to  abandon  treatment 
in  paralysis  of  muscles  of  the  eye,  without  giving  it  a  fair  trial.  They 
certainly  demand  as  long  treatment  as  analogous  affections  in  other  parts 
of  the  body. 

Paftsii  of  the  hft  internal  rectus  muscU — Immtdiaie  impravBrmnt  under  Jocahxed 

faradisation. 

Cask  CLVII. — Mr.  M.  B.,  with  paresis  of  the  lefi  internal  rectus  mu^k,  wnsscnt 
to  usby  Di.  O  Agncw  for  eIccCnca.1  trcalmenL  The  lirst  symptomsar  the  dtfifictiUy 
tUted  ^omc  months  back,  jiut  after  iiis  return  from  the  West,  where  he  had  tieen 
Mibjected  to  unusual  fati^c  A  powerful  current  (firadic),  iocolucd  ai  nearly  u  poK- 
sible  iri  the  affected  inu!^:]e,  very  markedly  relieved  the  hcavinest  of  the  eyelid,  and 
immediately  improved  the  Fii^lit. 

For  over  a  month  the  patient  had  been  able  to  reid  only  imperfectly  and  with  dil- 
fictUty,  white  an  hour  previotu  to  the  electrical  treatment  it  was  found,  on  trijJ,  al 
Dr*  Agnew's  oflice,  that  he  was  utterly  unable  to  decipher  newspaper  print. 

Immediately  after  one  application  the  patient  could  read  the  line  print  of  the 
Htrald  with  case,  and  in  a  day  or  so  a  note  from  Dr.  Agnew  informed  us  that  the 
viuon  of  the  patient  had  increased  frum  onc^tenth  to  one-half,  and  that  the  mierEul 
rectus  had  gainctt  seventy,  tested  by  prisms, 

Paraiysit  nf  the  obduetHX  of  ^tk  — Douiit  vi-sion  Un  nJM/Ay  xtandiftg—^txttilttt 
typhilitit  srigin — Rtcatfiry  umUr  iaeaiiud  £ajvamtatian  artd  i^idt  ef  /otasUum 

CaskCLVIII.— Mr.  R.,  a£ed46,  wasreferredto ua.  May  1S74,  Ity Dr  R  tshmorv. 
patient  complained  of  double  vision — health  otherwise  good.  Dr.  R,'s  diagnoaii 
was,  paralysis  of  abducens  on  both  sides  and  as  the  patient  had  tuiTeted  hzat 
Typhilii  sixteen  years  before,  iodide  of  potassiuni  wai  given. 

*  Opi  cit„  19a. 
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For  three  muntbs  this  trentmenl  wais  kept  up  with  but  liulc  bnpr(>vea>en« 
begMi  treatment  hy  localUeJ  galvanizaiiOR,  usiiig  stronu  interrupted  currcsu — <m 
pole  at  the  external  angle  of  the  eye,  ami  the  other  an  the  (Ample,  or  ml  Ihe  txicfc  «lf 
the  neck  autl  CLtflrmued  this  treatment  twice  a  week  for  one  month  wirhoQt  mnyim' 
provemcnt.  About  June  i  impravcnient  began,  tuid  by  June  21  (be  rcoonncjy  wm 
ecnphaUc.  so  far  as  double  vision  vimt  cuocerned  ;  dimaesi  of  vtsioq  remained. 

The  patient  contjuued  the  ioUidc  of  potassium  al  ibe  same  time  with  the  ciectncil 
'reatment,  and  it  is  clearly  impossil>le  to  differentiate  with  certunty  the  effects  of  the 
(wo  remedies;  hut  masmuch  as  the  iodide  of  pola.«ium  had  been  used  befar^  Aod 
very  failliTully,  without  effect.  It  is  exceedingly  probable,  t&  say  the  leut^  th*t  tht 
recovery  wm  largely  due  to  the  clectricaJ  treatment.  The  patient  sabsequently  relapvl 

The  following  are  some  of  Benediki's  •  cases  ; — 

"  Burggraf,  Johanri,  aged  ^  j  (Arlt's  cliQique,  April  zjd^  bad  been  cttdd^f 

iei»d  with  double  vision  fourteen  days  previously.  Paralysis  of  the  ri^t  abdncn^ 
preceded  by  violent  pains  in  the  Uead  for  ei^ht  daya.  Recovery  through  local  treat- 
foent  in  six  «tttin^ 

"  Meyer,  Amonla,  aged  55,  laborer  (Arlt'sdiniquc,  Sept.  tS,  i$66),  had  wAczbI 
for  thr<<e  dAys  from  double  viatt>n»  paresis  nf  the  ri^rht  abducetu.  The  exconioo  wm 
deficient  by  one  line.  There  was  doable  vision  in  the  tai^f  half  of  the  visual  beU. 
After  nine  flitliug^  the  excursion  was  norma!.  Double  visiOD  in  (he  extreme  portioa 
of  the  visual  field.    Entire  recovery  after  twenty  aittingi 

"Mako^  B.iibara,  aged  24  ( Arlt's  dLntq^ue,  Jan.  29,  sufleted  (ot  sia  weckf 

from  complete  paralpis  of  all  the  branches  of  the  uculo-jnotoriua.  After  ibm 
weelrfs  the  paralysis  was  removed,  and  the  patient,  although  he  had  yet  some  doafak 
vision,  left  the  hospital. 

**  /joiaUii  Mydriaus.^KftnXm,  aged  40*  suffered  from  mydmfiia  and  paralyib  ti 
aceommodatian  on  the  left  side.   After  two  locn.1  treatments  the  mydriii£ii&  diminiihed. 
It  relapsed  after  a  coitus,  but  was  finally  entirely  hcaied  in  twelve  «itliiig%  ahA 
maioed  healed  for  Kveral  yean," 

Asthtnopia, — Astheriopia,  raiy  depend  on  an  absolute  or  r^ative 
6ciency  of  energy  in  tht?  muscle  of  accommodation  ;  or  of  the  inteml 
recti.  It  is  accompanied  by  hypersesthesia  of  the  retina  and  ciliazy 
nerves-f  Of  these  two  forms,  the  accommodative  and  tnuscuUr,  the 
accommodative  is  liie  more  frequent.  The  maxked  effects  in  improvmg 
the  tone  of  exhausted  muscles  in  oiher  parts  of  the  body,  produced  bf 
electrization,  wotild  lead  us  to  suppose  that  asthenopia  might  he  bene- 
fited by  passing  either  the  faradic  or  galvanic  current  through  the  eye, 

Ixi  quite  a  number  of  cases  of  weakness  of  eye  with  hypenesdiesii. 
that  have  not  been  accurately  recordedt  we  have  obtained  positive  and 
japid  results.    For  those  very  nutDcrous  cases  of  eyes  Uiat  icbft 

•  Op.  dt.,  p.  297  «t  seq, 

\  Stellwag,  Treatise  oa  the  IMsesKi  of  the  Eye,  trMuIated  bgr  Dfl  Itaekler 

Roosa^  p.  621. 
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Mverely  if  u>ed  even  iot  «  little  time  before  bre&klkst,  or  at  twilight, 

or  iji  reading  tine  print,  or  doing  fine  needlework,  or  from  cjcpusure  to 
glaring  light ;  lhat  perhaps  are  annoyed  by  musca  v&Htantei  and  by 
neuralgic  pains  in  or  near  the  eyei  and  yet  iu  which  ophthalmoscopic 
examination  reveals  no  lesion — for  such  cases  mild  labile  faradization 
for  ftve  or  ten  mmi.tes  through  the  eye  with  the  positive  pole,  eithei 
with  a  moistened  sponge  or  the  hand  of  the  o]>eraLor,  \vhile  the  nega- 
tive b  at  the  back  of  the  nccic  or  in  the  hand  of  the  patient,  is  certainly 
a  roost  agreeable  and  efficacious  remedy.  Stable  galvanization  is  also 
useful  m  the  same  condition.  Cases  of  this  kind  that  are  associated 
with  general  feebleucss^  with  hysteria  and  dyspepsia,  are  sometimes 
much  benefited  by  general  faradization  even  when  the  eye  receives  no 
local  treatment  whatever.  The  tiredy  aching  eye  is  both  temporarily 
rested  and  relieved  after  each  sitting,  and  permanently  atrongtheDed  by 
continued  treatment.  In  such  cases  electrisation  does  for  the  eye  what 
U  does  for  the  stomach,  or  larynx,  when  ihey  are  in  a  condition  of 
fatigue. 

Wi  beliezie  ikai  eUciro^herapeutks  promises  more  for  asihenspia^ 
wiih  hypercEsihesia  of  the  retina,  than  for  any  other  disease  of  ike  eyt. 

From  the  known  effects  of  electrization  on  neuralgic  and  muscular 
weakness  of  other  parts  of  the  body,  it  would  certainly  appear  that 
asthenopia,  even  in  its  severe  phases,  might  also  be  successfully  treated 
by  the  same  agent.  The  subject  \&  worthy  of  the  earnest  attention  of 
ophthalmologists, 

AftAeneptat/twyear/  Handin^^Rapid  impfotftment  uHdtr  t&eatiud faradiMAt*^ 

Cask  CLIX, — Mr.  L.,  &  student,  iLged  35*  wu  refcrreil  to  ua  by  Dr.  Loring^ 
The  p&ticnt  had  far  two  yeaxs  been  «u3lkteii  witti  exceeding  weakness  of  idglid  and 
for  a,  lacig  time  was  unable  to  read  more  than  a  minute  or  two  without  discoiitEort. 
Time  and  rest  had  affarded  slLghc  relief,  so  that  h«  now  found  it  poadhle  to  read 
by  dayligiht  some  eight  or  ten  inmutca ;  by  gaslight  he  cnuld  not  read  ii(  aU.  A  miJd 
«taac«  of  localized  faradkatlon  was  enyed,  with  the  result  of  markedly  Increasing 
the  scren^h  of  vision.  Similar  applications  were  repealed  wme  doEcn  times 
the  most  liappy  effect,  and  when  last  wen  the  paliem  was  able  to  read  an  hour  with* 
»ut  serious  diiscomrart, 

A  second  case,  sent  soon  after  by  Dr.  luring,  received  equal  benefit* 

4  tsti  iimitar  t*  tkt  aSfftH^/mpravei  mart  r^adify  under  gah  fiHitatton  iham 

faradisation. 

CASt  CLX. — A  case  similar  in  its  ^mptomi  lo  the  abovr^  and  of  u  loiif;  ttand' 
lagf  that  wa*  Knt  Iv^  us  by  Dr.  Hoo«a,  submiued  to  localizci  fuaduatLun 
wUl'  fiomc  beai;5t.    Localized  gaWatiiMtjunf  bowever»  wiUi  on  eaceodingly  fccbU 
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cuiTcAt,  proved  of  gmter  service^  und  aim  a  montli  of  treatment  the  p&ll^iw 
able  to  read  ord  Jiary  print  for  over  on  hour  cootiauoo&Ey,  withou  t  experieada{  u/j 


Aithen&pm  of  an  ag^mvaied  €harmter  and     hooygarf  xtauding — CompUU  tsr:. 
»y  under  twHvt  applicaHifm  of  litcaUtid /aradiiatioit> 

Casb  CLKI. — The  moat  saiUfactory  result  that  we  have  to  reconj  In  tlkc  trot' 
meat  of  asthenopU  wa&  in  llie  ^ase  of  a  \i^y  a|;t:d  6o.  For  I  wo  years  »hc  had  obserKd 
a  constooLly  decrea^^ing;  alteiiglh  of  visioa^  associaled  with  a  luc«]  irntability,  thatpcv- 
eluded  amy  attempt  at  ci;>iUiiiunu&  use  of  the  eyes.  FinoLlly,  ^  weak  dUI  the  01(101 
beoome  that  she  found  it  utterly  impo^tblc  to  read  or  &cw,  or  in  anywAyccnca- 
EnUe  her  aight  fur  ■x  moment  without  suffering  pam  and  obi^tiT'itioa  uf  vuiim.  Sbt 
was  treated  wlioliy  by  LocalLced  tfaradizatiun — tlie  tips  of  the  fingers  aioae  bcii^  ued 
MA  electtodeSi, 

But  about  twelve  applications  were  given,  iviih  the  re&uLt  af  complete  aadpeh 
maneint  recovery.  Dming  the  three  yeara  that  bave  eUpscd  since  this  treat mcil  die 
eyesight  Iuls  remained  peifecLly  strong. 


Amblyopia  and Amaidrosis. — Amblyopia  is  now  understood  to  be  1 
disorder  of  vision  depeudetit  on  disturbatice  of  the  circulation,  while 
amaurosis  15  to  be  regarded  as  a  symptom  of  atrophy  of  ihc  o]itic 

For  some  of  these  conditions  electrization  may  be  tried  with  id- 
vantage, 

A  strong  encouragement  for  a  faithful  trial  of  electricity  in  these 
cases  is  that  various  degrees  of  impairment  of  vision,  from  complete 
blindness  through  the  lower  grades,  have  been  sometimes  most  success- 
fiilly  treated  by  physicians  and  charlatans,  with  diverse  metho<ls  of  appli- 
catiot).  De  Saussure  cured  a  case  of  amaurosis  by  statical  electricitT- 
Lesueur,  Magendie,  and  Person,  successfully  used  faradisation  in  the 
same  cases. 

What  is  DOW  needed  is  a  careful  and  persevering  trial  of  galvanui- 
tion  and  faradization  in  cases  of  amblyopia  and  amaurosis,  after  accu- 
rate ophthalmoscopic  examination. 

Spasm  ofth€  Lid  {Blepharospasm)^ — For  spasm  of  the  ltx*at&r patprha 
and  orbicularis  palpebrarum^  faradization  or  galvanisation  is  indicated 
for  the  same  reason  that  it  is  indicated  in  toriicoUiSf  facial  spasixi,  onJ 
spasm  of  the  glottis. 

The  method  of  application  is  the  same  as  that  prescribed  for  asihe 
nopia. 

I*rognosis. — Recent  and  mild  cases  recover  rapidly,  Long-slaai^iig 
^ses  ate  sometimes  very  obstinate,  but  even  these  are  freqtiently  fe 
tieved  for  a  lintted  time  after  eac^.  sitting. 


OPACITIES  OF  CORNEA  AND  VITREOUS  HUMOR.  5S7 


Shgh!  s^modU  twiUhings  fff  tht  Ud — Recmftry  under  /aradhatii?n^ 

Cask  CLXli.-— A  hdy  had  been  troubled  with  in  aifccHon  of  the  left  eye 
required  surgical  tTeaitmct^t  ;  was  t^en  with  flight  but  disagreeable  twttcluQgs^  of  the 
lid  of  (lie  other  eye.    The  twitching  was  so  slight  that  it  could  be  seen  by  no  observer 
onljr  with  difficulty. 

Under  furadiiarian  w1(h  a  miUl  current,  the  negitive  pole  being  held  in  the  hand  of 
the  putfcnE,  anJ  the  poikkive  bctng  applied  by  gentle  pass»  over  the  lid,  recovery 
took  pliLce  in  a  short  time. 

Spatm  of  tht  orHmlarh  /aij^iirartm  fi/  tcng  ttandiftg-^ome  tem/mrsry  ^ut  no 
permanent  benejit  frpa^  farad i%iUi<fri  and  galva^nization, 

CASfcCLXUl.  —  Kev.  Mr,  U.  wrts  referred  t'l  n't  l=y  Df  C.  R.  Agn.e*with  ^ere 
tpsMn^  of  the  orhiculfuris  ptilpcbranim  of  the  right  side ;  the  ^eral  health  of  (he 
p^itient  was  other\?i$«  gocxL  Far^dixatian  and  galvanizjitioji^  faithfully  used  for  ■ 
number  of  ftlttin}^  in  the  manner  deKribcd  in  the  case  preceding,  were  only  of 
ternporary  benefit. 

Opacities  &f  the  Cornea. — The  eleclric  currents  have  been  employed 
with  mor<f  or  less  success  for  opacities  of  the  cornea  for  many  years. 
Cases  have  been  reported  by  Isiglio,  Qtiadn,  WiUcbraiid,  Tiirck,  and 
Graefe.    Recently  this  method  has  been  but  little  employed. 

The  galvanic  current  tt'ould  be  more  indicated  than  the  faradic.  Ex- 
ternal or  intenial  applications  may  be  used. 

In  a  case  of  opacity  of  the  cornea,  resulting  fronri  herpes  cphthaimi- 
cus^  sent  *o  us  by  Dr.  Prout,  there  was  a  very  decided  clearing  up 
under  a  protracted  use  of  the  negalive  pole  of  the  galvaiiic  current 
applied  to  the  closed  lid,  and  a  part  of  the  time  directly  to  the  conjunc- 
tiva, which  had  been  rendered  anaesthetic  by  the  herpes. 

Opacities  of  the  Vitre&us  Humor  —  Keratitis. — Le  Fort  and  Camus 
report  interesting  and  remarkable  results  in  The  treatment  of  opacities 
of  the  vitreous  humor  by  the  galvanic  current.  The  applications  were 
made  with  one  [H>1e  over  the  closed  eyelidf  and  the  other  in  the  auri- 
culo-maxillary  fossa^  to  affect  at  the  same  time  the  nutrition  of  the  eye 
through  the  syms>athetic  In  son^e  of  the  cases  the  opacity  was  asso- 
ciated with  or  resulted  from  keratitis. 

Photophobia  is  a  symptom  of  so  many  different  pathO' 
bgical  conditions,  that  the  cases  of  cure  or  relief  obtained  in  it  by  the 
electric  currents  are  of  comparatively  little  vahte.  It  very  frequently 
c'epends  on  the  diseases  of  the  conjuiict:tva  and  cornea.  Hewson 
reports  the  cure  by  galvanisation  of  thtrty-two  cases  of  photophobia  de» 
pendent  on  scrofulous  inflammation  of  the  cornea  in  cbUdren.  Proni 
one  to  three  applications  wer«  sufficient 


588 


DISEASES  OF  THE  EYE. 


The  positive  pole  was  applied  to  the  face  and  the  ncgsttiire  to  the 
supra-orbital  foramen, 

Pfosis, — This  aflfection,  which  consists  in  paralysis  of  the  elevator  <rf 
the  upper  lid,  is  to  be  treated  like  spaym  of  the  lid,  but  with  a  stronger 
current. 

itosit /otisufing  kfrfiei^lZapid  recsvtry  under  gafvani^aH^n. 

Ca.'^e  CLXI V.  — A  Udy  patitnt  '^-■sa  rererrei)  to  u't.  who  had  suflcred  lODf  mtf 
severely  from  herpes  of  the  head  and  face.  This  fDllowed  by  acute  nrtinileic 
palcts  that  were  most  |>crsi!;tcnl  and  re^sted  all  AtCempls  al  alleviation. 

The  gilvanii:  current  wa.s  here  applied,  fl.nd  ^  successfully  a«  in  a  shcprt  time  to  dis- 
sipate in  good  measure  the  netira!g;ia.  The  eyelid  of  iha  right  side,  however,  ra 
left  drooping,  a  condillon  which  htid  been  prewnt  some  weeks.  Three  appHca- 
tionaof  the  faradic  current  to  the  affected  part,  of  a  strength  a^i  great  ^ could  b*  iPflO 
borne,  w?re  repeated  on  several  occd^oiii  and  readily  rciuked  in  ft  complete  restoralka 
of  the  loiit  muscular  power. 

Mydriasis  and  Afyosis. — In  tiiese  conditions  the  electric  treatment 
is  sometimes  of  value,  although  in  man/  cases  they  depend  on  sotue  ecu* 
tral  difficulty  that  in  its  very  nature  is  incurable. 

The  frt(T/mf^f  con^hts  in  local  galvanization  and  galvanization  of  iht 
syn>pathetic. 

Niuro-r^initis, — On  the  theory  that  neuro-retmitis  may  depend  on 
some  morbid  condition  of  the  sympathetic,  which  in  its  turn  may  be 
connected  with  various  cerebral  affecdons,*  it  has  been  treated  by  gal- 
vanization of  the  sympathetic,  and  of  the  brain. 

Indeed,  from  onr  experiments  in  galvanization  of  the  synrpathetic 
(see  p.  125),  it  would  appear  that  in  tieuro-retinitis,  and,  indeed.  En  *fl 
affections  where  we  wish  to  affect  the  vascukr  condition  of  the  retina* 
galvanization  of  the  sympathetic  would  very  property  be  indicated  io 
connection  with  other  remedies  directed  to  the  disease.  The  subject  b 
certainly  worthy  of  investigation, 

Stfabismttt. — In  strabismus,  dependent  on  merely  transitory  causes, 
faradisation  or  galvanization  may  be  of  service ;  but  the  results  yet 
reported  are  not  of  great  importance. 

That  temporary  relief  of  strabismus  may  be  derived  from  faradization 
we  demonstrated  in  several  instarices*  The  method  of  application  is 
the  same  as  that  for  paralysis  of  the  muscles. 

From  among  many  failures  in  tbe  treatment  of  strabismus  that  ir« 
find  recorded  in  cur  case  books*  we  briefly  note  the  two  fotlowm| 
as  illur^rative  of  the  benefit  that  occasionally  accrues  through  dcctri 
£atioii. 

*  Benedikt,  op.  dt.,  pp.  352,  255,  354* 


STRABISMUS. 


Case  CLXV.-  -A  little  girl,  »ged     had  for  two  years  been  nfflicted  with  strabb- 

The  raradic  current  was  as  nearly  oa  possible  localized  in  the  fauUy  muscles^  sin'i  at 
tlw  same  time  (he  body  of  lUc  eye  was  iuliijiJlU-d  to  gentle  treatment. 

Improvement  become  inanirest  after  a  few  iipplic(iCtonK»  And  in  ihc  course  of  Iwo 
muulhs  ended  la  recovery. 

Case  CLXVI.  —  In  the  case  of  a  babe  of  tS  months,  who  had  shown  symptom* 
similar  to  the  above,  some  three  weeks  preriou^y,  il  required  bui  a  biiiglc  application 
of  the  raradic  current  to  dii^ipate  the  trouble, 

C&taraci. — The  literature  relating  to  the  use  of  galvanism  m  the 
treatment  of  citlaract  is  very  considerable,  btii,  at  the  same  tirne,  both 
the  opinions  and  stattrments  are  very  conflicting-  Crussel,  tif  St. 
Pclerslnirg»  claiined  to  have  Kati  successes.  His  meihott  was  to  intro- 
duce into  ihc  lens  a  needle  connected  with  the  iiegative  pole,  while  ihc 
positive  was  ajipUcd  to  the  tongue.  In  this  way  the  cataract  was  siib- 
jecied  to  ihe  three  factors  of  ineohanical  disititegriition  by  the  needle, 
to  ihe  chemical  influence  of  the  negative  pole,  atid  "  probably,  also,  lo 
the  macerating  action  of  the  aqueous  humor  penetrating  the  lens 
throtigh  the  puncture  made  iti  thu  capsule  by  the  n^etUe."  Bcr^mann, 
NcwmanUi  Milliner,  Benedict,  Strauch,  and  others*  on  the  contrary, 
claini  that  the  results  are  not  tsufHciently  favorable  to  counterbalance 
the  dangerous  iiitlauini.nion  that  is  liable  to  follow.*  Rosenthal  nsfd 
external  applications^  and  claimed  to  have  cured  two  out  of  three 
patients  whom  he  thus  treated.  Two  cases  of  cures  have  been  rc^ 
ported  lately  by  Meftel.  The  cases  were  subsequently  examined  by 
Drs.  Agncw  and  Knaiip,  who  failed  to  find  evidence  of  any  improve- 
nicnt  that  could  be  attributed  to  electricity. 

Among  other  diseases  of  the  ej^e  in  which  electricity  may  be  tried 
experimentally,  with  the  hope  of  greater  or  less  success^  are  anasihtsia 
cpt'ua  and  nysiagmus. 

*  For  the  Uteraiure  of  the nubjecl consult  Canstatt's  jcihr^berkht  "  for  iS4(-45, 
ftlso  Schmidt'i  Jahrbiicher  for  1841-4:;,  quoted  from  Evelik/s  ftrttcle  ''On  the  Na- 
ture of  Catamct/'  etc,  N.  Y.  Med,  Journal,  July,  iSSo,  to  which  we  are  indebted 
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DISEASES    OF    THE  EAR. 

The  diseases  of  the  ear  are  less  amenable  to  tieatrnent  bj-  clectridtj 
than  analogous  diseases  in  most  other  parts  of  the  body*  By  its  uu* 
totnical  position  the  internal  ear  is  even  more  inaccessiUk-  than  the  cyt; 
and  even  the  parts  which  can  be  brought  more  directly  under  tile  influ- 
ence of  electrization,  as  the  middle  ear,  the  mernbrana  tympani,  and 
external  auditory  canal,  can  bear  only  feeble  currents.  Hence  it  is  that 
there  is  no  branch  of  electro  therapeutics  where  there  has  been  sucli  ga^ 
era]  disappointment  both  among  aurists  and  electro- therapeutists  as  in 
diseases  of  the  ear. 

The  morbid  conditions  of  the  ear  for  which  electrization  has  beeJi 
found  of  some  service  are  subacute  and  chronic  inflammation  of  Skt 
drum  afid  middk  e<ir,  nfrv&us  deafness^  and  iinniius  aurium. 

Experiments  on  the  ear  were  made  quite  early  in  the  history  of  eW- 
tro-therapeutics. 

Brenner  *  gives  the  following  bibliography  of  this  department  in  the 
early  part  of  the  present  century  : — 

AUGUSTIN— PVr/wM  eiHfr  Gesckkhu  dtr  gahmmiehrn  EfeHiritiiiU  trnj  iknr 
infdtcittiit/ten  Atnoetuiuug^  B^rlin^  ]3oi  (thL^  M'ork  conljiltis  a,  quAnlLtaEivc  distincCioQ 
m  the  vt'orking  of  both  po!«  on  the  nerves  of  hearing) ;  dso»  Vm  Gahanismui  mm 
Jffj^n  Anwctiifuttg^  tSor,  by  the  ^mC  author, — MERZDOKfP — {Bikssndiumg  da 
OArf/tMiiSfHs  (iifr<A  ifitt  Gnivamtchett StratHf)  *c/ Gr\pengibsseii,  iSoi,  pp,  ijt 
And  i5i."FLtES — {Gah}ano-iAfrapiu£ise&£  Versuehe,)  EbendAS.,  iSol,  pp.  Z4I, 
253. — Stem-wao— i/*^^r  Gaivamsffiuj^  Hamburg,  1802  itbis  work  contains citra of 
deafness}.— StritWE — SysU^t  der  Medkinisthin  Elektricitdt  mil  /fiUksUht  Amf  dm 
GahHimsntiis,  1S02. — Wolke — Nachrkht  vondfn  tu  Jrjfr  dunh  dU  G^ivam-Vd- 
taisthe  Gehcfgtbektmst  hegliickten  Taubstummcn^  ate  Dsnabf1kk«  iSox. — MAA" 
tens'  ThsrapcutU^ke  Anivendung  dv  Gnh^rti*m»J.  t^^' 

It  was  natural  that  attempts  to  cure  diseases  of  the  ear  should  be 
made  thus  early  in  the  history  of  electro-therapeutics,  because  at  that 
time  there  was  scarcely  any  other  method  of  treatment. 

*Untersachungenund  BeohichtimgeaAuf  demGebieteds' Eleclroibcraple,  i  Bab^ 
1  Abth.,  tS6Sp  p.  4a 
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There  are  two  genera!  methods  of  eiectrizing  the  car — internal  aiiff 
fxUrnai. 


Fig.  13 V, 

Fnirrmal  mfihol  of  e/fftriaathn  &/ iht  tar  (Ducbenme).  A,  auiidc:  B,  exteniiJ 
uiditory  canal;  Ct  handle  of  rftclroJe;  D»  flexible  wire;  E,  ruhlier  speculu-nj 
F,  ostcula  in  middle  cor ;  G»  mouth  of  tube;  H,  auditory  nerve  in  inner  ear;  f, 
trifenof  halT  meinbrana  Cympani ;  J»  exlemal  muscle  of  hammer  ;  K,  internal  mm-cle 
t>r  hsimiuer, 

The  flexible  wire  can  be  pressed  in  toward  ihe  drum  and  then  al- 
lowed  to  spring  back.  The  external  audUory  canal  is  very  senMtive, 
and  only  mild  currents,  or  currents  quickly  interrupted^  will  be  borne. 
The  other  electrode  may  be  placed  in  the  hand  of  the  opposite  side,  or 
%\  the  mouth  of  the  Eustachian  tube,  by  mean^  of  a  metallic-pointed 
insulated  catheter.  It  is  an  advantage  before  making  the  application 
to  partly  fill,  or  at  leasl  to  moiatenj  the  ear  wirli  warm  salt  water*  since 
thereby  the  conduction  is  nmch  increased.  Tile  water  shoLiid  be  warm 
because  cold  water  is  not  well  borne  in  the  ear. 
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External  Mcth.hi. — The  best  external  method  of  electri/ing  the  eu 
IS  to  press  the  eUetrod^  fi^'^ly  the  tragus^  the  oiher  electrode  beiB| 
held  as  before,  in  the  hand  of  the  opiiosite  side.  The  car  should  b« 
^lled  with  wa.rm  salt  water,  although  this  is  not  necessary. 

We  have  used  this  method  for  several  years  with  both  the  faradic  aad 
galvanic  currents,  and  prefer  it  for  all  cases  except  when  ii  is  dttired 
act  directiy  Qn  the  infiamed  surfntes  of  the  drum.,  or  middle  ear.  It  if 
far  less  painful  and  more  satisfactory  than  the  internal  method,  ft  may 
be  used  on  the  most  sensitive  children,  who  would  rebel  agaiDsi  tbc  i/i- 
ternil  inethod,  however  skilfully  performed. 

The  sitting  should  not  usually  be  more  than  five  or  ten  minutes,  and 
in  sorue  cases  much  shorter  at>])licatiojis  should  be  used,  especially 
when  the  galvanic  current  is  used. 

The  electro  physiology  of  the  ear  has  already  been  described  to  the 
section  on  Electro-Physiology, 

EUetro-Diagnosis. — The  electro-diagnoiis  of  diseases  of  the  ear  hxa 
hctw  specially  studied  by  Brenner. 

The  leading  idea  of  this  observer*  js  that  the  reaction  cf  the  auditor^ 
nenfe  tt^  the  galvanic  current  is  variously  changed  by  pathohgieai  con- 
ditionu 

The  normal  formula  has  already  been  given.    (See  Electro-Physiol- 

The  difficulties  in  the  practical  application  of  this  melhod  of  electro 
diagnosis  are  very  great.  The  normal  formula  can  be  obtained  only  io 
a  certain  proportion  of  cases,  and  then  oftentimes  by  painful  currents. 
Even  when, we  obtain  apparent  deviations  from  the  normal  formula, 
we  are  not  always  sure  just  what  such  deviation  indicates,  either  in 
special  pathology  or  in  therapeutics. 

Changes  in  the  Reaciian  of  the  Auditory  Nerve  in  Path^hgued 
Cases, — In  pathological  cases  the  normal  formula  may  undergo  vanouf 
changts, 

l^hese  changes  in  the  reactions  that  appear  In  diseases  of  the  ear  mav 
be  embraced  under  the  following  heads  i  f 

I.  Hypeti^sthcsia  of  the  nerve-i  so  that  it  reacts  to  a  milder  current 
than  normal,  or  reacts  longer  or  more  powerfully.    This  may  be  citiier 

*Zur  Elektrophysiobgie  imd  EleUtropatholoi^cdM  Nemiscunisticus.  reCcrV-Nu^ 
Mcfl  Zcit*clir  ,  liil.  4,  p.  jS6.  1863.  AI40,  Wcitcre  Mttlheilungcn  rur  Elcktro- 
otralrik  Fei^rsburt^r  Med.  ZeitH^lir.,  B^l.  5,  p.  35,  1S63.  And  mare  rcirenU^  it 
hlspuhhshed  woik,  Untersuchun^en  und  Bcolmchtangcn  aut  dem  Gcbkte  4<9  Eldfr 
trollierapie,    Leipzig,  1S6S  and  (§69. 

\  Dreiiiicr,  op  cit,,  tiantt  L,  p.  iSi  ct  seq. 
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sbnple  or  complicated  with  qualitative  change  in  the  formula,  n  with 
paradoxical  formula  in  the  ear  not  experimented  on,  or  with  morbid 
subjective  sensations  of  hearing. 

2.  Change  in  the  formula  of  reaction  without  hyperasthesia,  Thes? 
changes  are  either  in  inversion  of  the  normal  formula,  or  deviations  of 
various  kinds. 

3.  Torpor  of  the  nerve  {ancesthesia)^  so  that  it  does  not  react,  or  only 
to  a  stronger  current  than  normaL 

Jllusirative  Pathological  Cases. — Brenner  gives  the  following  illustra- 
tion of  hyperesthesia  in  a  case  of  chronic  catarrh  of  the  middle  ear,  on 
both  sides,  with  difficulty  of  hearing,  much  tinnitus. 

The  reaction  was  as  follows : 

XX  90  Ka.S.K'. 

Ka.D.K.  OD 
Ka.O.^ 
A.S.  — 
A.D.  — 
A.O.k.> 

In  another  case,  where  there  was  great  difficulty  of  hearing,  with 

tinnitus,  that  had  existed  for  three  years,  and  demonstrable  anatomical 
changes,  but  in  which  a  central  disease  was  suspected,  the  reaction  was 
as  follows  :* 

XX  50  K8.S.K'. 

Ka.D.K.  00 

Ka.O.— 

A.S.— 

A.D.— 

A.O.k.> 

Other  cases,  illustrative  of  changes  of  various  kinds,  we  give  below : — 

Qualitaiive  change, — A       Hyperasthesia  with  in-       Hypcrsestbesia  with  pa- 
laborer,  30  years  old ;  in-    version    of  the    normal    radoxical  sensations  in  cat 
formula.\ — A  lady  of  60; 
absolute  deafness  in  left  ear ; 
drum  depressed,  thickened 
and  opaques 
6  El.  Ka.— 
Ka.D,— 
Ka.O.Pf.  > 
An.S.Pf. 
An.D.Pf.  M 
An.O.— 


telligent ;  deafness  and  tin- 
nitus on  both  sides  from 
childhood ;    dnim  cloudy 
and  thickened. 
X  100  Ka.S.K'. 

Ka.D.K.Qo 

Ka.O.— Rattling. 

A.S.  " 

A.D.  "  00 

A.O.K.> 


not  treated. ( 

Eu- treated. 
XX  iooKa.S.K'. 
Ka.D.K.  OD 
Ka.O.  — 
A.S. 
A.D. 
A.O.K'.> 


Ear  not 
treated. 


K.> 

K'. 

k.> 


•Op.  cit.,  pp.  90,  191. 

f  Erb  in  Archiv  Ophth.  and  OtoL,  vcL  L,  NOb  I,  STS. 
%  Brenner,  oj>.  cit.,  Band  i.,  p.  205. 
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Itlii-ttrafive  and  typkai  c&^e  of  in- 
versi(}ft  of  trke  narma!  Jormitla^*' — An 
officer,  a6  years  old  ;  from  his  cliildhood 
completely  deaf  m  left  czr  ;  no  tinnitus  ; 
no  demonstrable  cbunge  in  drum  \  only  a 
pale  color  ;  right  ear  normal. 


Electric  owniiialion  of 

riKtit  (hmlthy)  ear 
ttVU    this  normal 

IX  Ka,S,K'. 
Ka.D.k,  > 
Ka,0,  — 
A.S.  — 
A,D. — 
A.O.k. 


Ei«ctfk  examiiuilKKi  of 

Left  jdueaLMd)  «&r 
givct  the  imv*r£td 
furmuta^ 

IX  Ka.S.  — 

KaO.K, 

A^S.K^ 
A,D.K.  > 
A.O.— 


Modijic&thn  9/  the  normal  f\ 
toithatit  hypgratthetia,< — A  wooian,  45 
ycnrs ;  old  ^^IfScuUy  of  bearing  in  lioib 
ears ;  no  tinnitus ;  some  dulaeai  of  tht 

Right  Ear  : — 
XX  500  Ka,S.— "  Chirping." 

Ka.D.  "  *horE 

A*  S.    —  Roaring. 
A,D,  "  short. 

A.O.    ^Indefinite  sounds. 
Left  ear  gave  same  formula*  execpc 
that  Ka,  O.  gave:  a  short  snd  UighK  tomt* 


The  above  case  of  tlie  officer  Brenner  regards  as  of  a  special  nalure. 
The  patient  was  examined  by  a  nnmher  of  auristSt  and  the  inversion 
of  the  normal  formula  in  the  diseased  ear  was  decided. 

The  following  experiments  were  made  by  one  of  the  authors  of  litis 
work  on  himself.  The  right  ear,  on  which  llie  experiment  was  made, 
has  for  twenty-five  years  been  affected  with  chronic  inflanimation  of 
the  middle  ear.  The  drum  \%  cloudy,  the  tube  pervious,  and  the  hear- 
ing distant ;  ttn]cs  he  had  been  troitbled  with  tinnitits,  but  not  at  ibe 
time  of  tlie  experiment.  The  objective  examination  of  the  car  was 
made  by  Dr.  D,  B.  John  Roosa.  The  experiments  are  givea 
in  detail,  because  they  ilUistrate  a  number  of  the  peculiarities  in  regard 
to  the  galvanic  reaction  of  diseased  ears,  and  the  diilicuUies  aiid  com- 
plications that  attend  the  investigation. 

The  internal  method  was  used  : 


la  El  Ka.a—Ntf  reaction. 

Ka,a— " 

An.S,  — '*  " 
An.D.— "  " 
AaO.~" 
Feeble  flashes  of  light  were  observed. 
**  Tlie  rum'bUng  of  a  ttistant  carnage  foe  ■ 

moment  was  nii$>lAken  for  ttie  catbode 
closing  reaction, 

•  Brenner,  t      p.  ^ig. 

f  in  order  10  prevent  deceptiao  on  this  point,  the  finger  was  pressed  on  the  tntgw^ 
ind  foimd  to  produce  the  same  apparent  sensation  of  mmUUtig.    The  flp^tanitw 


loSlohrer^s  El.  Kn-S.^No  reaction, 

K  a.  D .  — Sc^me  rumbl  ing, 
ni:ide    evidently  by 
pressure  of  electrode,  f 
Ka-O, 

An.S. — No  reaction. 
An,D.— *' 
An.O.— **  ** 
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|6  El,  Ka.  S.Sc  reiction. 

Ka.  D. — HUang  in  the  otiicr  ciU ;  (paradoxici]  ruction). 
KlO, — Same  for  a  momenC. 
An,S, — Hisa'uig, 
An  D. — Slime.  > 

An.Q,— No  reaction,  but  hisMng  in  other  emr. 
Stronger  (lashes  of  light ;  dimness ;  subjective  sounds  in  esn  for  come  mloatci 
after  treatment. 


30  El.  Ka.S. -flight  rouiog. 
KitO,> 

Km.^O^-'Ko  reaction. 
An.  S — Loud  hissing  (seething). 
An.  D,— Same,  > 
An.O. — No  react  ion^ 
Condder&ble    pain    in  ear ;  mach 
stronger  Hashes  and  dixzinesa ;  metallic 
taste;  burning   in  wriit  of  the  band 
holding  cat  bode. 

The  rheostate  was  now  brought  inlo 
ti£e. 


Rhco5Utc-^6GO — Same  ruftrtck^ 
700^   **  •* 

Scx>      "  •* 

900 —   "  still  pain. 

l>ooo — ^Much  less  roaring,  and 
hissing  in  other  ear  muct 

Ka.O, — No  reaction. 
The  anode  reacclan  wiih   the  resis- 
tances of  the  rheo&tate       as  foUom : 
An.S. —Very  loud  hisauig. 
Ao.D.  00  and  How  of  saliva. 


34  £1.  K.S. — Low  rumbling  and  hiEslug  Rbeo&tate — ^ico— Very  Loud  hissing. 


in  Cither  cat* ;  very  great  pain ; 
perspiration  on    forehead,  and 
mu3cutaj  contractions. 
Ka.D. — Same,  « 
Rheostate — too — Same  roaring. 

200—  " 

300 — ^Leas  •' 


less  pain. 


Soo — 


200—  "  ** 

JOO-   "  " 

400— Loud 
50&—  " 
600 — jLcvs 
700 — 
Boo—  ** 
900—  *' 
f  ,00d — Much  le$« 


Cojfr'irning  the  above  case  it  may  be  remarketi : 
I*  7 deviation  from  the  normal  formula  was  unmistakable.  The 
anod':  reaction  was  very  decided,  there  was  no  possiblUty  of  a  mistake. 
The  chief  difi^cul^y  was  with  the  cathode.  A  low  rumbling  or  roaring 
wa^  all  the  reaction  that  could  be  obtained  with  Ka.S.  or  Ka.D.  and 
that  only  when  many  elements  were  used. 

3.  The  accompanying  phenomena — di/^zincss,  pain,  contractions  of 
the  facUl  mubcles,  metallic  taste,  flow  of  saliva,  perspiration  on  fore- 
head»  burning  and  contraction  of  the  muscles  of  the  hand  holding  the 
electrode — were  present,  but  did  not  interfere  with  the  observation  of 
the  reaction  of  the  nerve.    It  Is  just,  howeveri  to  remark  that  this  in 


oaed  in  this  experiment  had  no  current  tcvcikt,  consequenlly  It  wu  necesMry  to  ca^ 
tinuaUy  move  the  electrode  to  and  from  line  tragtu^ 
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dividual  has  been  accustomed  for  Jiiany  years  to  exiicrimein  on  hi 
with  electricity,  and  therefore  would  be  liule  liable  lobe  annoyed  tft 
distracted  by  ihetr  incidental  |jht?nomena ;  yet  even  he  was  deceived 
moirentarily  by  the  rumbling  of  a  distant  wagon.  Constriction  of  the 
thiaat,  of  which  some  complain,  was  not  experienced. 

The  foflowing  pathological  case  is  of  double  iateresti  since  benefit 
to  the  hearing  seemed  to  result  immediately  after  the  galvanic  exami- 
Dation, 


Case  CLXVII.  — O.  K  B  ,  Aj-ed  iS,  had  fiom  lii^  ear)y  biyhocKl  siifFered  from 
chronic  ulceratian  nf  the  mtfinbrana  lymjuni  willi  discharge.  Ii»  tlic  left  ear  the  nntm 
Imd  ilisap|>e.'ired.  The  watch  coutd  he  heard  only  on  pres^^ure.  There  wuaotiiuiui& 
T!ie  Eustachian  tube  wbs  pervious. 

Three  years  before  ihe  ri^Ut  car  had  been  <;i.;ii]3r!y  a^ectcd,  nml  had  cHtireijr  re- 
covered  under  the  influeitct  of  treatniL'nt,  $□  Iha^t  ihc  discharge  cciL»t!iJ  iiktl  tlw  bcsiintf 
wa^^  ni>rmal,  Ai  that  time  Dr,  St.  John  Koosa  uiw  liic  cam  iu  consutiAtkm  Bad  ood- 
hrmed  the  dieignosjs. 

Augit^t,  1S70,  The  patient  ftgain  consulted  us  far  hi^  right  ear,  whteh  we  found  ta 
the  condition  dc^ribcd^  ;ind  which  was  MmiLor  to  that  in  wliicli  we  had  fuutui  it  three 
)fears  before.  At  ibts  time  we  decided  Lu  lest  tlie  galvanic  leaction^  wfaidl 
&ble  to  do  without  dlfHculty,  by  the  external  tnelbod. 

The  result  wu  at  fuU&w$ ; 


SEl:  Ka.S. 
K11.D. 

Aii.S. 

An.D. 

An.0. 


Sctme  rumbling. 

No  sen^tion. 
Rumbling. 

a 


With  ten  and  twelve  elements  there  w«s  the  same,  but  louder,  and  with  eighicea 
elements  n  sound  like  the  ringing  of  a  lor^  bell,  reaction.  When  sixteen  cleiacais 
were  used,  the  patient  experienced  a  sensation  of  hissing  wi!h  An.S.  and  An.D, 

After  various  ch3.ngesQf  the  current,  a  less  nnmher  of  dements  brought  a  decided 
reaction.  In  order  to  see  whether  the  pnlieiit  dirceivcd  himself,  or  whether  iJm 
sounds  were  produced  by  the  agitritlon  of  the  water  in  thecar,  wc  applied  lb«  dcctrod* 
to  the  Ira^t^f  when  disconnecteit  from  the  battery. 

Immediately  after  the  ailing  the  patient  said  that  he  c(ju]d  hear  conversalion  better. 
The  week  following  the  same  experiment  produced  the  ^me  result.  During  the  in- 
terval niagncBia  had  been  bJown  into  the  ear  in  considerable  quantities  *o  as  toin« 
.erferc  somewhat  witfi  the  liearingpovver ;  for  that  reasou  it  was  impossible  to  deter- 
mine whether  the  improvement  was  pcmianent. 

Dizziness  in  thi£  patient  was  very  Enar]ied  and  lasted  by  term£  for  several  days^ 


General  Therapeutical  Results  of  Ehetrieal  Treatment  of  Diseasey 
the  Ear. — Ir  the  United  States*  cures  of  deafness,  without  regajt? 
the  patholog)  on  which  the  symptom  of  deafness  depentis,  have  oc 
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CAjionally  been  acconiplis^hed  by  uneducated  enipifics»  whii  have  treate<* 
all  forms  of  Hiicase  of  the  ear,  from  iuspissatH  ceraiiien  to  disease  of 
the  audilyry  nerve,  by  sume  unscientific  and  u.^ifonu  luethod  of  faradt- 
zaiion. 

Duchenne  reports  one  case  by  faradisation  of  hysterical  deafness 
of  many  months'  standing  ;  one  caused  by  f^uinine  j  one  consecu- 
tive to  an  eruptive  fever;  one  following  measles;  one  of  twenty 
years'  standing.  Several  cases  of  nervous  deaf-muleism  were  ttlsa 
improved. 

The  conclusions  to  which  he  anived  arc  as  follows :  * 

t.  *'  That  nervous  hysterical  deafness  is  generally  caused  by  clcc- 

tTfcai  excitation  of  the  chorda  iympani  and  movements  of  the  chain  of 

little  bones." 

2,  "That  casc«  of  nervous  deafness  consecutive  to  eruptive  and 
continued  fevers  have  been  cured  by  the  same  ireaiinent,  even  though 
they  have  been  of  long  standing,  and,  from  the  fact  of  their  resistance 
lo  ordinary  remedies,  have  appeared  to  be  incurable," 

3,  **  l  hat  probuliiy  the  therapeutical  action  of  the  process  of  fara- 
di/aiion  is  chietly  due  to  the  undulations  of  the  labyrinthine  liquid 
prodticed  by  the  movements  of  the  chain  of  Little  bones,  and  conse- 
quently of  the/f//e'Ji'/ii  oraii." 

4,  **That  electric  ejtploration  of  the  ear  furnishes  no  pathogno- 
monic sign  which  permits  the  prognosis  of  incurability  of  the  deaf- 
ness," 

StibacuU  ami  Chronic  Infiammatlon  &/  the  Middle  Ear. — As  fai 
as  we  can  judge  from  our  own  observations*  old  cases  of  chronic 
inflamniadon  of  the  middle  ear,  where  the  hearing  power  is  so  much 
Uitpaired  thai  a  watch  can  be  heard  only  on  pressure>  offer  an  un- 
favorable prognosis. 

The  best  results  are  obtained  in  those  cases  that  are  just  passing 
troni  tlie  subacute  to  the  chronic  stage.  We  arc  inclined  lo  the  belief 
ihat  these  results,  when  they  do  occur,  are  brought  about  by  the 
muhaniral  acttQU  of  the  faradic  current^  m  th€  adhesions  within  the 
middle  ear.  In  some  even  long  standing  cases  of  chronic  inflammation 
of  the  middle  ear  temjiorary  improvement  of  hearing  immediately  fol- 
lows faradization  or  galvanization. 

Tinnitus  Aurtum. — The  very  frequent  and  very  distressing  symptom, 
^innitut  auriitmj  and  which  accompanies  so  many  of  the  morbid  processes 
h  the  auditory  ap])aratus,  is  not  relieved  by  electrical  treatment  as  uni- 

*  TicatUe  on  Discuss  of  tlu  £u.  Tromktcd  uid  ediceJ  ^Dr.  &  St.  Johi 
Kucraa.    Second  American  edition,  1869,  pp.  IjOll*  liOJ* 


DISEASES  OF  THE  EAR. 


fomily  as  d  priori  reasons  would  lead  us  to  expect.  The  caprtci'ouF^n«l 
and  uncertainty  of  the  results  in  such  cases  are  partly  to  be  exptaincd  by 
the  fact  that  iinrjitus  aurium  is  a  symptom  of  such  diverse  and  somctimet 
undiscoverable  pathological  comlitions.  Local  galvantratton  by  the 
external  method,  or  galvanization  of  the  sympathetic,  sometimes  avail 
for  the  temporary  relief  of  this  affection,  and  in  some  cases  a  more  oi 
less  permanent  cure  if  obtained. 

Galvanization  of  the  cervical  sympathetic  aflects  the  ear  just  as  it 
aiffects  the  retina,  through  modtficatioD  of  the  circulation  in  the  brain 
Dr.  Rurubold,  of  Si.  Louis,  reports  bvo  cases  of  tinnitus  auriun),  in 
which  local  galvanisation  was  of  great  service.* 

With  reference  to  the  therapeutical  value  of  the  galvanic  current, 
especially  in  the  treatiaent  of  diseases  of  the  ear,  Brenner  f  and  Ha- 
gen  X  substantially  agree  to  the  following  propositions  : 

1.  The  galvanic  current  is  indicated  not  only  for  those  cases  where 
no  morbid  changes  can  be  diagnosticated,  but  also  in  all  cases,  howevet 
complicated,  in  which  the  abnon?)al  reaction  to  the  current  shows  that 
the  nerve  participates  in  the  diseoae. 

2.  The  galvanic  treatment  may  aid  in  the  absorption  of  morbid 
deposits. 

From  our  survey  of  the  literature  of  the  subject,  and  from  our  own 
comparative  observations,  we  are  justified  in  these  Vwo  conclusions  : 

First,  The  galvanic  current  is  on  the  whole  of  greater  service,  and  if 
of  greater  promise  in  the  electro-tbcrai>culics  of  the  ear  than  the  faradic 

Se^OTiti.  The  results  obtained  in  the  electric  examinations  are  not  nni- 
form  or  always  reliable  guides  to  the  special  mt;thod  of  treatnient  thai 
it  is  best  to  adopt. 

Reasoning  d  priori^  it  would  be  inferred  that  the  reaction  of  hyptr- 
ast/usia  would  call  for  treatment  by  the  anode,  and  the  reaction  of  i^- 
^<?r  (anaesthesia)  for  treatment  by  iht  cathode ;  but  experience  shows 
that  there  is  no  uniformity  to  this  law. 

Moos,  §  in  the  remarkable  case  to  be  hereafter  cited,  found  th 
the  cathode  at  oiie  tinie  exercised  a  temporarily  beneficial  influence  on 
tlie  subjective  symptoms,  which  usually  disappeared  only  mider  the 
anode, 

Erb  I  also,  in  case  of    simple  hyperesthesia  of  the  right  auditory 

*  Archives  of  ElcctroLogy  and  Keurologf,  Maj,  1874* 
\  Op.  dt„  Band  I,  p»  26a. 

J  Praktiscbe  Bcicrii^;  zur  Olircnhcilkcmde,  Leipzigt  p,  19. 

g  Afcliives  Ophthal.  uid  OloL,  vol  i..  No,  2,  p.  4SS. 
I  Archives  Ophtlul.  and  Otd.i  vol  i.  No.     p.  aS. 
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ntfX^t*  with  **mv^sim  &f  the  normal  formula**  found  that  ihe  tinwihia 
was  quieted  by  the  dosing  of  the  cathode  (Ka.S.)  and  not  by  the  closing 
of  the  anode,  as  would  h^Lve  been  expected, 

Scill  further,  it  is  noc  deFi-ionstra.ted  that  in  many  of  the  ca&es  of 
hyperjestbesia  that  were  successfully  treated  by  the  atiode,  or  of  torpor 
(aniesthcsia)  that  were  successfully  treated  by  the  cathode,  the  results 
might  have  been  equally  or  more  successful  if  the  poks  had  been  re- 
versed. The  conclusion  is,  therefore,  that  while  the  general  law  laid 
down  on  page  281,  that  (he  positive  poU  ts  on  the  tehahtht  more  calm- 
ing and  the  mgative  (he  mQrt  trritalirt^,  applies  to  the  auditory  nerve 
as  to  other  pans  of  the  body,  yet  it  is  always  liable  to  many  real  or 
apparent  exceptions^  and  in  the  present  state  of  our  knowledge  the  rule 
can  never  be  niade  an  absolute  or  uniform  guide  in  the  electro-thera- 
peutics  of  the  ear. 

Brenner  *  details  eleven  cases  of  diseases  of  the  ear  treated  by  the 
Vanic  current. 

In  oue  case  of  tbickenmg  of  the  drum,  the  current  caused  ab- 
sorption. 

In  one  case  of  hypersesthesia^  with  tinnitus  aurium  and  anatomical 
chLLuges  in  the  middle  ear,  the  tinnitus  was  rapidly  cured. 

In  one  case  of  byper^esthesia,  after  the  use  of  quinine  there  was 
recovery. 

In  one  case  of  hyperesthesia,  with  tinnitus  aurium  and  catarrh  of  the 
middle  ear,  the  tinnitus  was  cured. 

In  one  case  of  obslinaie  subjective  symptcjms  of*  various  kinds  there 
was  improvement  under  great  difficulties  of  application. 

In  one  case  of  noises  in  the  head  and  ears,  of  ten  years'  standing, 
with  important  anatomical  changes  in  the  ear,  there  was  improvement. 

Of  deafDCSSj  two  cases  were  improved,  one  was  much  improved,  and 
one  was  cured.  The  case  which  recovered  was  one  of  facial  i>aralysis, 
with  anomalous  reaction  of  the  auditory  nerves. 

In  all  the  cases  there  were  anatomical  changes* 

In  some  cases  the  treatment  was  quite  persistent* 

J/ysferical  Dea/fiess^^Wh^n  deafness  depends  on  simple  hysteria  ttie 
results  of  electrical  treatment  may  be  very  brilliant. 

Dr,  Moos,  of  Heidelberg,  has  published  a  case  of  recovery  from 
deafness  under  the  iiitluence  of  the  galvanic  current,  which  is  the  most 
remarkable  of  any  which  have  been  scientifically  reported. 

*  Op.  at.  Band  1,  2  Abth.,  235  et  Kq.  Brebner  also  mttitloiu  the  Ctet  thil 
failei  in  seventeen  cues  of  linnilu^.    Loc  at,,  p,  13,5. 
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Case  CI.XVIIt.-^Ttie  ;>atienl,a  Ia-^Iv  of  iiUiei«D»afier  an  AtlAi'  ' 
rheumatUm  (Kch.  iS6(;)^  K^lnkcn  with  vymplomsuf  aeufr  inlc  -mf 
QH  hysttriciil  fkarneftr.  She  Ixciime  complcteJy  ticaf  for  noi&cs  umsitij  niitct,  ifcJ 
FtMrech,  ami  fur  xvcial  wcck^  tt  ()ecamc  neccs&iry  (o  uuminunicEiie  with  tlir  jiuicsitn 
wriling.  'I'liU  dcflfness  wa^  preccclcd  by  ahncrmai  xeiuiiivtniSM  of  tlu*»,  madiu- 
tt  tsxtng  ucuUn£ss  of  kturmg.  Two  week*  aflerwwd*.  the  Dintb  week  of  hff  ad 
msr.  the  seiisitiveneaer  hiui  dimiiiiiihcd,  and  her  dcafijcss  waj>  abauJutcL  latbcckfad 
BLad  (wrclfth  weeks  of  (he  di&casc,  she  l>c<;an  to  »iiflcr  Ctom  Ayiteria  or  tftkftu tsUsh, 
b&uiig  frt>m  A  half  tu  one  and  a  balf  hour%  from  ouc  to  three  linics  «  iIajt.  IDm  it- 
Iftcks  were  acconipaiued  by  loss  of  cunM;iouMiess,  telanu«y  clonic  crimps,  and  puuli 
theback  and  alxlamcn.  There  was  also  um/aitta/ Ay//ncjfAesia of  the scftip ud ha 

Tlie^  symptom'n  were  vitrtou^^ly  trc&te^l  by  the  yilvanic  cuitcdU  The  |atieBl  «v 
treaLed  wiih  ihc  galvanic  current ;  at  tirjkt  daily,  frtim  May^  loth  tu  July  2p3i, 

At  first  there  yra^  has  k^cu  ^titcd,  a  feeble  rcutton  to  the  coircnl.  TbnvM 
foUowcd,  in  a  few  days,  by  ixmpU  hyp^*estkfsia^  cuiabined  with  &  p^r^itMMSi  n- 
action  in  the  cv  not  irraledf  and  lastly  hypeneslhcMA  vi/a  fuaiitaSiift  eM*fi 
When  the  cure  was  complete  the  normal  formula  of  Brenner  appeared. 

Un  the  elcvetiih  day  uf  [lie  ircatnient  the  patient  heard  her  own  voice  in  thtM 
ear,  immfdiately  after  the  gtUvanie  tt  mtmeut.    Xotises  in  the  enr  -1  viueh 

wcic  Ueated  by  (he  anode.    Ou  the  iStU  and  34lh  of  Junr»  »i  i)k 

"ones  wfl^^  noticed  fvjr  the  firil  time,  July  lath,  months  from  ti<c  tyL^iiiiim^  »( 
the  treatiii^nt,  llie  patient  couid  hear  Lhc  H*atdi  on  (he  n^lil  sii.te  lo  feet,  on  tbeUt) 
feet.  The  trcalmenl  now  cau>cd  diucmc^  which  nia4e  it  necc^«aarj- to  give  k>n*a 
interval*  diuini;  the  sfiancc-s  and  it  was  found  necc^ry  to  use  very  w«*k  caimiU 
The  pa!.iLnT  w.isnow  ^cnt  to  ^l.ick  Forc^,  where  in  «t  wceU.»  &tie  fxtlly  recotcrei 

On  the  :19th  of  A]>ril,  Dt*  Moos,  an  experienced  u>urisL,  ^vhu  had  once  before  cs- 
ammcd  the  patiedt,  came  to  the  coRclu<iion  that  there  wa»/V7/*v/  paraiym  ff  ^ 
auditory  HcnPis.    The  ilcftric  ixajtUftaSion^  made  on  the  9lh  aad  loih  of 
die  faUowitig  rewU  : — 

KiGitT  Eaiu    jo  £1.  900  cR*  K.S.  — Lively  whirrijig  sound. 

K.Dt  — Same  gradually  disappearing. 
K.O.  --No  rcsttlJ. 
An.S.—  '* 
An.D.—  "  " 
An.Q.^ "  " 

Left  Ear.    10  EL  400  cR  KS.   — Scratcbing  of  &  violin. 

K.D.  —The  sanae,  huting  a  short  titae. 
K.O.  — None. 

An.D.—  •* 
An.O.—  " 

The  ears  were  difTcfcntly  aRected.    On  the  right  side  tlienr  was  '*  (laralytll 
yndttory  nerve,  poraly^isor  the  £en»  of  louih,  as  wetl  as  poralyUs  of  the  L 
nerve,  decubitus  of  the  ri^jht  concha,"    On  the  left  wic  there  was  "paraljnb  el 
Mive  uf  hearing,  long*continued  hypencsthesta  uf  the  nerves  of  touch.** 

*  Kcfilstwotis  of  the  rhcoititc 
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Coucerning  this  rase  we  may  remark  : — ^ 

I,  It  wa5  unquestionably  a  case  of  hysteria,  of  which  ihe  rheumatic 
alT«ction  was  the  cxcitiog  cause.  Very  Ukdy  some  of  the  cures  of 
deafness  obtained^  now  aiid  then,  by  electrization,  are  of  a  suuilat 
charactf^r. 

3.  Although  the  element  of  time  should  not  be  ignored,  yet  the  re 
Covery  was  mamly  due  to  the  electrical  treatment.  This  Is  proved  by 
the  unmedtateness  and  rapidiiy  of  the  results. 

3.  The  case  establiiahes,  so  far  as  a  single  case  can,  the  substantia] 
correciues^  of  the  iiiain  proposition*^  of  Brenner. 

4.  It  is  not  demonstrated  that  ilie  exclusive  w^ft  of  either  pole  wag 
necessary  to  obtain  the  result,  and  it  is  entirely  probable  that  the 
faradic  current  might  have  been  of  more  or  less  service. 

Deafness  fQihiiHti)^  Cirebro  Spinal  Fever. — Our  own  experiments  Id  • 
the  electrical  treatment  of  deafness,  following  cerebro  spinal  fever,  have 
been  entirely  unsaUifactory. 

Moos*  relates  a  case  of  cerebro-spinat  meningitis  tliat  was  followed 
by  complete  deafness,  that  gradually  improved  so  that  he  conld  hear 
jne  or  two  feet.  The  patient  was  troubled  with  lidnitns  aiiriuui  and 
aUo  with  headache  and  vertigo.  With  the  right  ear  he  heard  nothing; 
with  the  left  ear  could  hear  the  voice  two  feel.  Temporarily  the  anode 
produced  a  diuiinution  of  the  subjective  noises.  After  twenty-two  sit- 
tings the  hearing  power  was  raised  to  eighteen  paces  ;  the  noises  and 
giddiness  were  much  dijninished. 

Chronic  Suppuraiion  of  the  Middle  Mar. — Wc  have  experimented 
somewhat  in  the  treatment  of  chronic  suppuration  of  the  middle  ear  by 
the  iocai  use  of  the  galvanic  current.  The  experijneuts  were  made  both 
in  private  practice  and  at  the  Brooklyn  Eye  and  Ear  Hospital  in  con- 
nection; ivith  Drs.  Maithewson,  Newton,  and  Prouc  The  theory  on 
which  the  experiments  were  based  was  that  ulcerous  conditions  in  the 
car  might  be  treated  electrically  just  hke  similar  conditions  in  other 
parts.  Ulcers  on  the  mucous  membrane  do  not  yield  as  readily  to  elec- 
trical treatment  as  ulcers  on  the  surface  of  the  body,  and  do  not  bear 
electricity  as  well ;  they  are,  however,  somewhat  susceptible  of  elec- 
trical treatment,  as  is  shown  by  experiments  in  chronic  luethritis  and 
granular  lids. 

The  method  of  treatment  adopted  in  these  experiments  was  to  insert 
an  electrode  with  a  long  narrow  extremity,  covered  with  a  little  cotton, 
into  the  auditory  canal,  through  a  rubber  speculum  -  the  canaJ  being  filled 
with  tepid  water.    The  electrode  is  usually  connected  with  the  ne^afiii 
*  Archiva  of  Ophthalmdlogy  and  Otology,  voL  iL,  No>  i.,  333, 


t  <»inpkted  by  the  hand  of  the  patient  balding  a  sponge 


jTesting  on  a  stationaiy  dcctrodc     Only  very  weak  cui' 
Aau  V  try  abort  applications  are  borne,  and  it  ia  almost  Initt 
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MIDWIFERY. 

The  use  of  electricity  in  midwifery  was  first  recommended  by  Ber^ 
tholon  and  Herder  (1805).  Kiliaft  afterwards  used  **  galvanic  obsteiri- 
cal  forcejis/*  made  of  two  metals.*  Faradic  currents  were  first  used 
for  bringing  on  labor-pains  by  Hceniger,  Zyly,  and  Jacoby,  of  N*;ustadt, 
in  1844^  Since  that  time  the  same  agent  has  been  used  for  this  purpose 
by  Frank,  Dempsey,  Barnes,  Mackenzie,  Tyler  Smith,  Radford^  and 
others. 

The  indication  for  the  use  of  the  current  in  midwifcrj'  is  declared  to 
be  an  adynamic  condiiian  of  the  uterus,  when  other  conditions  are 
favorable  for  or  necessitate  immediate  delivery.  Dempsey  records  a 
case  where,  after  ergot  in  large  doses  had  failed,  faradisation  for  forty 
finnutes  produced  uterine  contractions  that  resulted  in  the  delivery  of 
the  child. 

Frank  reports  a  case  of  miscarriage,  from  a  fall,  in  which  faradization 
produced  contractions  of  the  uterus,  and  slopi>ed  the  very  profuse 
hemorrhage.  Mackenzie  succeeded  in  stopping  the  hemorrhage  in  two 
cases  of  placenta  prievia.  In  one  case  the  current  was  applied  for  siic, 
And  in  the  other  for  three  hours,  f 

These  observers  claim  that  electricity  acts  more  quickly,  more  uni- 
formly, and  with  less  injurious  effects  than  ergotj 

Roth  M-  De  Saint  Germain  and  Tri]>ier  are  highly  in  favor  of  fara- 
disation in  the  last  stages  of  delivery.  When  the  labor  has  fairly  begun^ 
the  pains  coming  on  at  intervals  of  about  a  quarter  of  an  hour,  Tripier 
faradizes  the  lumbar  region, 

Uterine  contractions  soon  follow  and  occur  more  frequently,  while  tlie 
dilatation  of  the  neck  takes  place  rapidJy,  In  ca^s  of  confinement  M. 
Tripier  always  faradizes  the  lumbar  region  by  means  of  two  electradeSp 
%nd  sometimes  he  applies  one  pole  directly  Ur  the  uterus,  i^ccording 

•  MeycTj  op.  ctt.,  p. 

f  Quoted  by  Mtrycr,  op.  cit.«  453. 

I  Simpson  uid  Scanzoni,  00  the  other  hind,  deny  alitity  of  etcctndtr  in  nift- 
vtfoy. 


6o4 


MIDWIFERY. 


to  his  account  the  placenta  is  e^tpclled  immediately  after  the  foetus^  ird 
although  it  was  evident  that  the  child  felt  tiie  current,  not  the  slighlea 
injury  has  ever  been  inflicted-*  During  ihe  last  two  or  three  yttn 
there  has  been  a  revival  of  interest  in  the  use  of  faradization  in  mid- 
wifery. Quite  a  number  of  observers  in  different  countries  tave 
reported  good  results* 

Dr.  A.  Murray,  of  this  city,  informs  us  that  he  has  treated  eighty 
two  cases  of  imrtla  uUri^  in  second  stage  of  labor,  by  extemil  firadi- 
zation,  and  always  with  good  results. 

He  states  that  it  acts  much  more  speedily  than  ergot.  His  nwthod 
is  to  place  one  pole  on  the  sacrum  hnd  the  other  over  the  aMomcn. 
The  applications  are  continued  for  from  eight  to  ten  mintiles. 

Pvsi  Parhim  Iftmorr/tag^.—  lrBjadltzUon  has  also  been  used  wub 
good  effect  in  post-[iajtinn  hemorrhage.  It  rapidly  produces  coamo 
tion  of  the  uterus,  and  thus  may  save  the  life  of  a  patient. 

It  is  to  be  applied  the  same  way  as  before  delivery. 

Some  obstetricians  always  have  a  faradic  api>aratus  on  hand,  in  case 
of  parturition. 

Diseates  of  the  Mammary  Glaml — Deficient  Lacteal  StcrtH^n^- 
Secretion  of  milk  may  be  increased  by  electrisation.  Two  nietiiaii 
of  faradisation  have  been  proposed,  one  by  means  of  moist  cicctrodo 
on  the  gland,  the  other  by  dry  electrodes,  with  a  view  to  excite  ^  se- 
cretion of  the  gland  by  reflex  action. 

Successful  cases  have  been  re]JOrted  by  Attbert  and  Becqucrd) 
Atibert  cured  one  of  his  cases  by  dry,  the  other  by  moist  elcctrodei 
In  the  first  case  the  patient  had  no  milk  three  weeks  after  parturition. 
After  a  delay  of  seven  months  the  treatment  was  applied.  The  ibiM 
application  brought  on  a  milk  fever ;  after  the  fifth,  milk  appeared.  In 
the  other  case  the  mother  was  attacked  by  pneumonia  iij 
after  confinement.  As  a  consequence  the  lacteal  secretion 
Four  faradizations  with  moist  electrodes  filled  the  breasts. 

In  Becquerel's  case  recovery  was  obtained  by  three  appli 
Similar  results  have  been  obtained  by  other  observers. 

Dr.  Skinner,  of  Liverpool  (quoted  by  Althaus),  reports  a  case  of  a 
lady  who,  while  nursing  her  fifth  child,  suffered  complete  suppression  if 
the  lacteal  seLrclioiT»  which  the  Doctor  attributed  to  the  tincture  of  iron 
she  was  taking.  He  apjilted  the  current  (probably  the  faradic.  which, 
on  acconnl  of  its  greater  mechanical  effects,  would  be  more  indicat 
in  such  cases)  to  the  left  breast.  The  patient  felt  a  rush  of  milk  to 
breast^  and  in  a  few  hiurs  a  full  supply  appeared. 

*  Journal  d<  M^dccinc.  f  Quoted  by  Meyer,  op,  dt.t  pp.  451  um!  4$! 
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Tlie  righL  breas-t  had  not  been  use''  for  some  time,  on  account  of  a 
|jrevioiis  abscess.  As  a  new  experiment,  the  Doctor  made  two  applica- 
tions  of  five  minutes  each  to  this  breast,  and  brought  on  as  much  mitk 
as  in  the  other. 

P^mamtnt  imrtiite  in  the  taettal  stcreiion  umJer  gcnrral  ami  iocnlUfd fttradization. 

Case  CLXIX, — Mrs^  — — ,  who  was  nursing  her  second  child,  submitted  to  fara- 
iKzati>in  fur  the  relief  of  ncrvoiis  pro^lratinn  anfl  in!;'>mrua 

The  flow  of  milk  was  scanty  ;  quite  insufificieiit  for  the  proper  nourishment  of  t)ie 
child.  Under  I  he  influence  of  fieiicral  faratiiialiori  the  pntient  soon  stfiled  that  she 
tk&ttgJki  l)cr  milk  wa-s  !^^^!lev^'hat  more  abundant,  and  in  subsequent  scaiices  we  tnvariA- 
hly  entied  by  Luuilifinj;  the  cui  renl  in  Ivjlh  bretLsts.  These  attempt*;  resulted  in  such 
A  declined  mcr«Ase  in  theaitimml  of  milk  »creted,  that  the  inf^uvt  foutiid  sufAcient 
nouri^hmef!!  fram  the  breast  wilhoui  rcsurliiig  to  artificial  food. 

It  V-  wtirthy  of  cnnimeiU»  lhAE  tlie  left  breast,  which  was  almO'St  dry  at  llic  bcgin- 
n'ng  of  Iiealment,  hnally  secreted  more  iihundajitly  than  the  rij;hL 

Dr.  A,  Murray  informs  us  that  he  has  tried  faratJization  as  a  gahcta* 
gogue  in  ihirty  seven  cases*  He  found  it  efHcacions  in  about  two-thirds 
of  the  cases. 

Sorr  NtppIes.'^^Tt  nipples,  like  ulcers  and  fistul^e  in  general,  may 
he  treated  electrically  by  either  current,  but  the  galvanic  is  preferable. 

DitTetent  forms  of  galvanic  nipple  *ihields  have  been  devised.  These 
act  like  ihe  electric  disks,  and  other  body  batteries. 

Or,  A.  Murray,  of  (his  city,  has  dL*vi<ied  a  galvanic  nipple-shield, 
which  he  finds  very  valuable.  It  is  composed  of  silver  and  tine.  It  is 
of  Ihe  shipe  of  a  perctissioti  cap*  and  the  size  of  a  small  thimble.  This 
shield  is  kept  in  sihi  by  strips  of  adhesive  plaster*  Tlie 
milk  trickling  donrn  the  breast  may  offer  sufficient  moist- 
ure to  excite  galvanic  action  ;  or  a  sniall  piece  of  moist- 
tened  lint  may  be  interposed  between  the  nipple  and  the 
shield.    Dr.  Murray  claims  that  when  this  shield  is  worn       no,  lu. 

for  several  hoars,  the  excoriations  rapidly  heal.  ,  ^  ■ 

'  _       ^  .  .      Murray  s  Gal- 

He  also  uses  this  shield  as  a  prophylactic*  and  for  this    vanic  Nipple 
[mrpnse  recommends  it  to  be  worn  two  or  three  hours  shield. 
d:iily  for  two  weeks  or  to  before  confinement* 

Rohlandt  of  this  ciry,  has  devised  a  galvanic  nipple-shield  of  a  differ- 
ent construction. 

Extra-UUrine  Pregnancy, — In  the  first  case  of  extra-uterine  preg- 
nai^cy  which  11  was  the  fortune  of  Dn  Rockwell  to  treat,  he  wsls  asked 
by  I)r,  T,  O.  Thomas,  one  of  the  consulting  physicians,  whether  it  was 
possible  to  readily  destroy  the  life  of  the  ftetus  by  the  electric  current. 
He  replied  that  it  could  undoubtedly  be  done,  but  the  injportant  ques- 
tion, it  seemed  to  him.  was  whether  It  could  be  accomphshed  without 
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injury  to  the  mother.    This  question  was  answered  in  the  a^rmathre 
by  the  results  that  followed    Tlie  case  was  one  of  tubo-intcrstitiil 
pregnancy,  ai  the  third  iitoinhj  and  terminated  favorably  by  the  exjnil- 
sion  of  the  ftetus  and  placenta  through  the  menis.    The  lii^tory  of 
interesting  and  remarkable  case  was  carefully  written  out  by  ihc  at- 
tending physician^  Dr.  Charles  McBnrney,  and  publfshed  in  ibe  JVem 
York  Mfdical  Jonrnaly  vol,  xxii.,  No.  3.  At  ihe  same  time  Dr.  Thomas 
took  full  notes  of  llie  case  also,  and  as  ihey  fully  subsiantbre  the 
diagnosis  as  first  nmie  by  Dr.  McBurney,  and  which  was  i|iic«tionc<l  by 
some  journals  after  the  appearance  of  his  arficle,  we  are  glad^  willi  Dr. 
Thomas'  t>em)issitjn,  to  give  them  as  follows : 

Cast  it/  tubQ4nUr£tiHai  frt^nat^y  terminating  faimrahly  hy  rsputMn  #/" fmim 
aud pliutnta  thrmgh  the  ittrrtts. 

Case  CLXX.—On  ihc  ^^ond  of  Jamiflry»  iS?^^  I  wns  rcqiiMt&l  by  Dr.  Orxrio 

McBurney  t"  sec  with  him  Mrs,  A  a  pTimjpara,  ag^fl  ji  years,  who  hid  beci 

marricil  un  (he  lith  of  Octubcr,  1877,  rttwl  had  been  all  her  life  in  j^rffct  health. 
She  Ivid  menstruated  for  iht*  last  time  in  October,  Tram  the  jst  li>  the  5th^  and  at 
the  »ime  of  her  marmge  had  been  well  for  iix  days.  Subwqucnt  to  murriage  ike 
had  tiot  menMniated,  but  at  irrcj^lar  i>enods,  for  one,  two,  ur  ihrce  day«,  ^  had 
had  flight  san^in^ous  discharge*.  In  the  latter  part  of  Octol>er  titer  gasuic  synjj»- 
tom'i  of  pregnancy  had  developed  ihcmsclves  ftiid  a^  X'nwt  passed  on  Ihc  mamnitry 
symptom's  adH:fe<l  theni'^elvcK  to  these.  Witliiii  a  nionth  l^ehire  (  snw  Iier  Mrs*  A.*! 
frienilsa*.  vrt\\  a^s  her  physician  bc^an  lo  notice  that  she  looked  badly,  and  ihUinct, 
together  with  ilio  ■symptom*;  which  I  havL*  meniioncd,  iiuluccd  Dr.  Mt.liurne>  to  tdraK 
that  a  thorDUijh  [ihy^icnl  mvcsligalion  shnidd  made. 

Upon  e-xamining  by  touch  he  discnvcpcd  to  the  left  of  ihe  uterus  a  cybt  whicli  filled 
the  iliac  fo&'^a  and  pre^wl  the  iitcrus  over  to  the  right  side  of  ihe  pelvis,  Jl  was  umkf 
these  circumstances  that  he  requested  me  to  sec  Mrs.  A.  with  him.  Upon  pawD^ 
the  left  inden  finger  up  the  vagina  I  discovered  an  e]a<i(ic  urtd  fcnMttvc  cyit  lt>  ttie  Seft 
of  Che  pclvi%  filling  the  iliaL  fossa  of  that  side  comj-lcfely.  Placing  the  |Mtlin  u/  ibc 
right  hand  nver  the  iMotnen  externalty  and  practicitlK  enjoined  manipulattoii,  a  dii* 
tinct  rounded  mas*  could  be  feU,  v*'hirh  wn*  quUe  sensitive  lo  prc^iurc  und  whkh 
yieldctl  very  dearly  the  sensation  of  fliiclnali^m.  Thi^  wa*  very  *:lo«ly  cunnc<icii 
with  the  uterus,  which  could  be  distinctly  mupped  out  lying  ilong  iuJe  of  fiwl  in  un- 
meJiate  contact  with  it.  The  utenj'i  wa-i  smaller  thaa  thi*-  rr*ass  and  altliougli 
incrcawil  in  sise,  wa^^not  so  large  as  it  should  have  been  at  or  near  ihe  third  moofh 
of  uiero-geiEaiion.    Conjoine<l  rhmni [puliation  being  practised  with  one  in  thi 

rectum,  under  the  extra-uterine  mass,  ibe  points  which  I  have  Oetailed  cnuld  !«  tnade 
out  with  slifl  greater  ccriainly,  and  X  even  thought  that  f  got  ibe  cvidmce  of  l»l- 
2aitemeni,  though  of  this  1  was  not  certain. 

I  arrivctl  very  positively  ai  the  diagnosii  of  exlfa-mertne  |)rcpTancy,  «»  Dr. 
McBiirney  had  done,  and  at  my  suggestion  Dr.  T,  A»  Emnict  wxs  rcjucsled  Iw 
cxamioe  oar  patient  later  in  the  day. 

It  was  agreed  that  Dr,  Emmet  shnutd  aee  bera1on«,  And  that  do  inlimation  fthovM 
be  made  to  him  of  the  opinion  at  which  wc  hjtd  arrived,    |l^  did  so,  and  at  once  waA 
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*ery  poiitivcly  ft£T«U  wUh  iis  in  iliagnosis.  The  ahtlominal  walls  a f  our  patient  were 
very  Lliin,  and  she  was  *>  perfcctfy  manageable  and  so  drviruus  of  aiilid];  us  to  ihe 
extent  of  her  [lowcr  in  arriving  ai  a.  correct  concluston,  that  the  sKnpr  uf  the  uieru* 
and  of  (he  inas3  which  existed  in  cntitact  with  it  could  be  mapped  out  with  the  mosi. 
complete  certainty.  The  only  possible  error,  it  tecmcO  to  me*  which  couM  aff«t  ihe 
diiignosU  WA&  this :  there  miglit  cxUl  a  bi-cornale  uterus  ami  the  leFt  horn  might  be 
the  hftbiiat  of  the  fcclas.  To  clear  up  this  doubt  and  to  make  the  size  and  pn&hioii 
of  the  uteru&  still  more  certam,  I  met  Urs.  F.mmet  Dnd  McHuriicy  oil  the  next  day 
and  exposing  the  cervix  uteri  with  a  Sims*  s|icculum  caittiotiaLy  passed  the  uterine 
sound.  Ic  was  deflected  decidedly  to  the  ri^ht  and  passed  in  for  a  Oislance  of  bc» 
tween  three  and  four  inches.  I  turned  it  to  the  left  and  endeavored  very  gently 
and  cautiott!kly  to  penetrate  the  ma^  m  the  left  iliac  fos^,  but  it  was  impoE^ible  to 
do  so,  DrSs  Emmet  nn^  McDumey  then  u^ecl  the  ^nnd  so  as  Co  salisfjr  themselves 
thoroughly  a&  to  the  depth  and  position  of  the  uteruii  and  its  retAtion  to  Ihe  cyst  on 
the  left  of  it. 

The  irnpretslon  left  upon  our  minds  upon  these  poincs  is  best  represented  by  the 
foLlowing  sketch. 


The  eictra-uterine  mass  was  very  slightly  movuhlc,  and  it  differed  from  cases  of 
tubal  pregnancy,  which  I  have  hod  the  opportunity  of  eKamifiiii^,  m  the  fact  that  it 
MCtned  lo  be  more  intimately  connected  with  the  uterus  ilwilf.  Dr.  Emtnet  ihoughl 
that  by  conjoined  manipulation  he  succeeded  tn  getting  batlottement,  1  was  doubl"- 
fill  whether  1  got  it,  And  1  was  inchnerl  lo  attribute  the  obscurity  as  to  this  point  and 
the  denw  and  rather  nodular  feci  of  ihe  lower  portion  of  the  mass  to  the  fact  that  the 
placenta  intervened  between  the  fmytr  and  the  fceius. 

Upon  one  poluC  cQnneL:ted  with  ihe  use  of  the  sound  I  am  entirely  positive,  and 
upon  ihU  I  desire  especially  to  fix  attention,  I  used  the  instrument  k>  as  certainly 
to  have  broken  the  festal  enveloped  nnd  allowed  the  escape  of  the  liquor  amnii  bad 
Ihe  gestation  been  uterine.     The  uterus  wai  certainly  empty. 

The  condtiion  of  alfsirs^  was  now  fulty  explained  to  the  relatives  of  the  patient, 
whrt  left  the  conduct  of  the  case  unrewrvedly  to  our  discretion. 

The  prognosis  of  this  case  was  at  this  period  by  no  means  so  grave  as  it  fiometimes 
is  in  cases  of  a  somewhat  similar  character,  where,  as,  for  example,  in  one  published 
by  myself  about  three  years  ago,  ahimdant  evidcnc»  c^ist  that  roptijre  15  imminent. 
In  some  coses  it  is  cert ab,  and  In  di  it  is  highly  probably  that  rupture  generally 
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accurs  in  the  FtiUopiin  ttil>c  in  tubal 
miiscula.t  canah  the  v^iXh  of  which  arc 


pregnancy 


from  contrailion  of  thudbrcn^ 
I  of  ttii&Lic  I'.tcnticai  m  iu:urc  «r.h 
that  which  forms  the  uLerus,  The  cubu  tlevetups  siAtI  growrs  as  ihc  uieru>  lioc*  in 
m^jrmal  pregnancy  in  an  effort  io  meet  the  rci{uireiti«nK  of  the  grnwirij^  t<ttx  ruL". 
Arrived  at  a  cerlaiii  jierioLl  uf  dUtentionf  the  lul>e«  acting  as  a  viauiom  uicfv,  t:>- 
lieavurs  to  rid  itselJ  uf  its  conlsnts,  and  after  greatei  or  less  effort,  l^»ng  ic^el 
the  constricted  extremities  which  separjite  it  from  the  utrra$,  on  the  iiiie  hiod,  lad 
the  peritoneal  cavity  dei  the  other^  ruptures  in  attemptA  to  accompU^i  tW  tpdl 
TbAt  A  blow,  fnll,  or  effort  of  (lie  abdominid  muscles,  or  that  mere  hydrostfttic  pr9- 
sure  exerted  by  the  Ancumulaiion  of  liquor  amnil  conld  aud  sometime*  doe«  caue 
rupture  uf  the  rortal  nest  no  one  can  doubt,  but  we  havtr  evidence  of  Ibc  Tact  tkit  ik 
tube  does  contract  with  great  energy  tinclcr  tlie  !^iimultis  of  diftcntioa  tk  tboa 
clonic,  mterniitCent,  crampdike,  and  agunUin^'  ctTuttar  whuli  often  prnvtlc  iKc  iaut 
issue  in  ih^'ic  unftjrtilnatc  ca.ses.  in  the  csm  of  my  own  juju  referred  to^  iamt- 
tent  pains  over  the  tumor  were  sr»  wvcre  thai  fur  scvciil  week*  (>efore  remoni  d 
the  foetus  by  ^,-i|;iria1  ?iectton  tlie  patiunt  hail  to  be  kepi  almoil  ctvislaallj  uaitcr  ifce 
profound  iullucnce  of  opium  Admintst<:!red  \iy  the  h>  j.xMlerinic  ^yrinj^.  Thftt  tfcm 
**cramp!i,'*  as  the  patient  styled  them,  were  realJy  ditc  lu  contraction  of  the  tubera 
readily  asceriained  by  conjoined  manipulaiion  practrsed  dming  ihe  txiKenw of  □>« 
of  them,  when  the  ma«!i  could  be  felt  c  »ntracting,  CDnden<^ing,  And  hardening  tl«ll. 

The  queiition  ot  ireatment  now  came  under  coiisidcrititon  in  the  cousuhaUoii,  nd 
three  pl.ins  were  fully  canvassed ;  f]r*jt»  thai  of  Iciiving  (he  ca<<  io  nature  and  iv^- 
ing  cvcnis;  wcond,  the  resort  lo  rennivftl  of  the  f<rius  by  el^trotcm}  .  and.  thini, 
the  de^^truclion  of  the  life  of  the  kctua  by  paving  through  the  rMra  uterine  misit 
strong  efeclric  current.  After  some  cli^ciis^ton  the  Iftst  plan  was  agreed  upon,  no« 
advocating  the  first-  My  voice  was  str<^ngly  in  favor  of  flesiroying  the  hfc  oJ  tie 
•embryo  and  leaving  it  intact  in  its  envelope^  in  the  hope  that  it  might  become  lot 
certain  extent  flh'^orhed  and  then  encysted.  In  the  case  already  alludeit  lo,  in  ulnU 
1  removed  the  foetu^i  by  elylrotomy,  the  urgency  was  so  great  from  disiention  ad 
contrnction  of  the  tube  that  I  did  not  venture  lo  resort  to  any  means  which  tnwilwd 
delay  or  might  excite  miiscLitar  spa^m,  In  that,  too^  tl»c  vaginal  exposure  of  tW 
fcetal  bal\  was  much  more  suiKrfictal  and  easily  aiuinable  than  in  ihii,  in  wkUK** 
[  have  said,  1  had  reawn  to  tear  that  the  placenta  tatervenecl  between  the  fcctai 
and  the  vicinal  wall. 

On  Janujiry  3d,  at  s  P.M,,  Dr.  RockweV.  met  Dri.  Emnwl,  McBurney.  aiid  wptiS, 
bringing  aiih  him  a  |;atvanlc  battery  of  thirty-six-ceW  power,  and  we  pfooeeJei  to 
pass  tlie  interrupted  current  through  the  maa  for  the  iteslruction  of  fteial  hfe. 

The  battery  licing  ready,  I  possetl  throu^jh  the  rectum  a  sponge  electrotle  movic^ 
upon  an  UmLitcd  handle,  and  placed  it  jii4t  under  the  firial  l>all.  Then  plidaga 
broad,  flat  sponge  electrode  over  the  abdominal  face  ot  the  ninSA.  I  pre<«fl  ttdma 
with  the  palm  of  the  right  hand,  the  patient  lying  the  bat:k,  and  a  gentle  Cit» 
rcnr  was  passed.  The  patient  becoming  soon  accustomed  to  thia,  Dr,  Kockmil 
gradually  increa^  il,  and  stopped  the  application  at  the  end  of  liiife  niuAM. 

On  tlie  next  mornmg  (Janunry  4th\  at  9^  A.M..  the  current  waa  a|piln  ptMdM^ 
a  force  of  twenty-three  cells  for  three  Rrwl  a  half  minutes,  and  an  appoinfWt 
for  half  past  nine  the  next  morning. 

After  the  first  current  slight  pamful  contractions  were  excited  in  ihe  foetal  eaedopt 
and  &otne  teaderness  wa&  developed  in  alL  the  obUominii  iDiHcle*,  but  oeUbcf 
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nor  temperature  were  alTectcd.  After  ihe  second,  decided  and  very  ptLirFul  contrat- 
(ions  were  excited,  bo  tlm  opium  had  to  be  freely  uicd  to  quiet  suffering.  The 
pulw  gmdually  ruse  to  ill  to  ihc  minute,  nnd  the  lempcraitire  to  loii".  The 
wliole  ftlKjomen  wits  tender  to  pressure,  but  none  of  the  syrxiploms  v/^re  of  such 
c1]ar3u.ter  or  magnilinic  to  create  apprelieii^iuns  of  inflammatury  trciuble.  A  db* 
char^^e  oi  biood  from  the  uterits  now  ntabtlsfacd  itscLf,  and  contuined  to  the  end  of 
Che  ca&e. 

On  1  he  evenmg  of  this  *iay  it  was  felt  that  the  death  of  the  ftttus  was  In  all  proba- 
bility accomplished. 

On  the  next  day  (January  5th),  at  9  A.M. ,  I  met  Drs,  Emmet  and  McBumey. 
We  found  things  in  accordanoe  with  the  report  ai  yesterday^  nnd  determined  to  await 
events  with  this  preparation  for  the  worst  that  could  befail— everythmu  was  fully  pre- 
pared in  an  ailjoining  room  for  the  immediate  performance  of  gastrotomy  if  sympti'ms 
of  rupture  anii  exten&ion  of  tlie  fetus  iiito  the  ]>criton[eal  cavily  Elbowed  themselves. 
The  contractions  of  the  tube  were  so  strong  and  often  repeated  that  wc  could  not 
divest  ourseJve*  of  the  fear  thai  before  they  couM  be  quieted  by  opiates  and  lime^  a 
solution  of  continuity  mitUl  occur  at  the  point  of  maximum  distention. 

Palpation  being  carefully  made  at  this  Lime,  the  uterus  could  be  distinctly  fett  noU' 
contractile  and  quiescent  in  its  normal  position,  while  along  side  of  it  the  larger  frctal 
shell  could  be  distinctly  distingat*hed,  at  time?t  as  round  and  apparently  as  hard  as  a 
hilliard-ball. 

At  11  A.M.  on  this  same  day  (January  ^V\)  I  received  a  note  from  Dr.  McBqmey, 
who  now  remained  with  (he  patient  day  and  tii^ht^  summoniiig  me  in  liable,  and  say* 
iny  that  things  had  suddenly  nnd  mo^t  decidedly  changed.  The  tumor  in  the  left 
iliac  fo^sa  had  greatly  diminished  In  st^c^  while  the  uterus  had  suddenly  become 
greatly  distended  and  blood  was  pouring  away  from  it  freely,  I  met  him  in  half  an 
hour  afterwardf  when  I  discovered  that  this  uterine  tumor  had  likewise  dtsapj>carcd 
simultaneously  with  the  expuldon  of  a  fcetuv;  and  a  ptacerti^a  of  perfect  cliaracter.  At 
the  tliJie  that  the  tumor  of  the  iti:ic  fossa  had  disappeared,  the  patient  berse If  noticed 
the  alteration  in  the  relation  of  itself  and  the  uterus,  which  has  beet)  meiitiotied 
above,  and  was  struck  by  the  sudden  transference  of  the  seat  of  pain.  When  this 
occuned  Dr.  McBurncy*  supposing  that  the  uterus  was  di^vtended  by  blood,  mnAe  ft 
vaginal  examination  aTjd  was  surprised  to  find  a  distinct  sac,  like  a  bag  of  water,  pro- 
truding from  the  os  uteri  eitternuim.  Anxious  to  be  certain  if  this  were  the  case:,  be 
passed  a  speculum  and  di»:overed  tliat  it  was  so.  He  then  punctured  the  sac,  whtdl 
he  found  very  strong  aiiJ  resisting,  and  the  fcctus  and  placenta  were  soon  eipdled^ 

The  hemorrhage  now  ceased,  as  did  likewise  all  pain  and  discomfort,  and  the 
patient  did  well.  On  the  next  day  1  Jatiuary  6th)  I  founJ  her  feeling  very  xvell  both 
mentally  and  phyMcally,  Throughout  the  course  of  the  case  It  appeared  thai  ihc  had 
fully  understood  its  natnre  and  its  dangers,  and  had  calmly  nerved  herself  to  bear 
with  fortitude  whatever  fate  might  be  in  store  for  her.  A  year  or  two  before  this  a 
wom^  ha<cl  die<.l  from  this  cause  in  a  country  town  in  which  she  was  spending  the 
summer  holidays,  and  village  gos.^ip:^  had  made  her  famiUnr  with  the  difficulty.  On 
this  visit  I  e<(amined  carefully  the  uterus  and  late  foetal  nest.  The  former  could  be 
diatincllj^  mapped  out  and  was  found  to  be  very  slightly  sensitive  to  prr*5ure,  The 
latter  could  Im  felt  withalmo'st  equal  distinctness^  though  now  insignitic^Jit  in  bidlc 
in  cotaparison  with  its  siie  of  twenty-four  hours  ago,  and  to  the  touch  it  was  exoata- 
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Uely  ^n^hivG^  The  uterus,  aavt  no  Jonger  pressed  into  light  latero*ver$iOR  by  st, 
obu'udiag  mass  upon  LL^  Icfi,  ha  l  rcvjtneJ  its  nariTiaJ  position  in  the  f»eivis.  ¥ip 
Ijj  will  convey      idea  of  thie  impressLon  left  upon  niy  mind  by  this  examination. 


FtC.  US. 


From  this  time  the  patient  progressed  withcmt  any  noteworthy  occurrence  la  ctjni- 
plclc  recoverj", 

TKc  («rt]Ui)«t(ion  of  litis  form  ofextrA-uterine  pregnancy,  by  ekpulsicm  of  the  iartut 
and  pUccntii  thruu^li  the  uterus  (which  is  under  the&e  circunistmiccs  brought  into 
action  merely  fts  a  prolongatioo  of  the  vagina),  is  by  no  meaua  unkfi'^wrK 

The  first  attempt  was  tiiade  with  seventeen  ordmnrj'  zinc^carbon  cells 
freshly  cKarguil.  Freipieut  interruptions  were  made  (about  i^o  to  the 
minute),  and  ejccluding  short  intervals  of  rest  the  patient  was  under 
the  inti*»ence  of  the  curreni  about  three  niinuies.  The  muscles  of  the 
abdomen  at^d  limbs  were  soniewhit  violently  contracted,  and  some  pain 
was  caused,  but  liie  patient  was  perfectly  comfortable  npon  the  cessa- 
tion of  treatment.  The  second  application  was  begun  with  eighteen 
cells,  and  this  number  was  gradually  increased  to  iweniy-thrcc. 


The  second  case  upon  which  Dr.  Rockwell  operated  was  in  tJie 
practice  of  I*>r»  C.  E.  Billington,  the  accuracy  of  whose  diagnosis  was 
again  confirmed  by  Dr,  Thomas.  The  result  in  this  case  was  entirely 
ftUCcessfuK 

The  itnrd  case  he  treated  for  Dr.  Bache  Emmet,  who  had  in  coo- 
lultAtion  l)oih  Dr.  T.  Addis  Emmet  and  Dr.  T.  G.  Tiiomas.  I>r. 
Eimoef  &  account  of  the  case,  wiih  its  favorable  ternnt>ation,  may  be 
fottrtd  iu  the  i\Vrc         AMicai  Journal, 

Ivtbe  fourth  caac  he  operated  for  Dr.  Everett  Hcrrick,  the  diagnosis 
■M  ^oMf  ooofinned  by  Drs.  Thonias  and  Entmet.    In  this  case 
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again  the  foetus  was  effectually  destroyed,  followed  by  the  prompt  re- 
covery of  the  mother, 

Al  the  last  meeting  of  the  American  Gynecological  Society  at  Bostorir 
Dr*  T,  G.  Thomas  read  an  exhaustive  paper  upon  the  subject,  giving 
the  histories  of  some  twenty  cases  of  exira-uterine  pregnancy  that  had 
fallen  under  his  observation,  together  with  an  account  of  most  of  the 
cases  to  which  allusion  has  been  nude,  and  in  which  electricity  was  so 
successfully  used.  In  addiuon  to  these  Rockwell  has  more  re- 
cently seen  and  operated  upon  tliree  other  cases  of  like  character  that 
have  never  been  reported,  and  which,  if  possible,  even  more  strongly 
confirm  the  incalculable  value  of  the  treatment  in  these  dangerous  but 
somewhat  rare  abnormaliiies  of  pregnancy. 

The  fifth  case,  which  he  saw  with  Dr.  S.  Westcott,  was  of  a  most 
interesting  and  unusual  character,  from  the  fact  that  with  a  normal 
iiterine  pregnancy  was  associated  what  we  have  every  reason  lo 
believe  was  a  tubal  or  extra-uterine  pregnancy.  Dr*  Westcott  had 
previously  called  Dr,  Thomas  in  consultation,  and  it  wad  at  his  sugges- 
tion that  electricity  was  used.  The  patient,  a  lady,  aged  about  thirty, 
last  menstruated  August  6,  1SS2.  Subsequently  she  complained  of 
more  or  less  discomfort  and  pain,  with  tenderness  in  the  region  of  both 
ovaries,  but  especially  marked  on  the  left  side.  On  September  i8th 
an  internal  examination  was  made,  and  by  conjoined  manipulation  a 
small  tumor  was  discovered,  about  the  size  of  a  puliei's  egg.  It  was 
situated  sonic  two  inches  to  the  left  of  the  median  line,  nearly  on  a 
level  with  the  brim  of  the  pelvis*  and  could  be  n)oved  from  Douglas' 
ctil-de-sac  toward  the  margin  of  the  ribs*  The  tumor  gradually  in- 
creased until  it  was  larger  than  a  billiard-ball.  There  seemed  to  be  no 
reasonable  doubt  as  to  its  character,  and  on  October  24th,  the  Ireat- 
meni  by  electricity  was  attempted. 

The  constant  current  was  used,  with  one  pole  introduced  to  the  mass 
through  the  vagina,  and  the  other  over  the  tumor  externall)'  and  with 
rapid  interruptions.  The  maximum  of  current  strength  employed  was 
eighteen  cells*  or,  to  speak  more  accurately,  as  different  apparatus  vary 
much  in  electro  motive  force,  a  power  of  twenty-four  volts. 

This  operation  was  repeated  on  October  agth,  a^th,  and  30th,  caus- 
ing the  tumor  not  only  10  perceptibly  decrea&e  in  size,  but  to  change 
its  scat  by  an  inch  or  so  as  well.  Since  the  last  treatment  it  has 
gradually  grown  smaller,  until  at  the  present  date  it  can  barely  be  de- 
tected. At  the  same  time  there  is  dow  developing  in  the  uterus  a  six 
months'  foetus. 

The  sixth  case  occurred  in  the  person  of  a  young  unmarried  woman, 
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residing  outside  the  city  iiiijic^,  and  by  si>eciAk  request*  and  for 
Acient  reasons,  the  name  of  the  attending  physicun  wkU  not  be  ntcfW 
tioiied.  Froai  him  the  CoUowing  history  was  obt^uued :  Two  week* 
previously  he  tir&t  saw  the  ca^e  professionally^  aJid  (uund  that  she  wm 
suffering  much  pain  in  ihe  right  side,  together  with  ineguiar  discharges 
of  blood.  The  patient  had  confcssied  to  the  possibility  of  pregnancy, 
and  examination  ehcited  luany  of  the  objective  aiid  subjective  &igu»  d 
tJiis  condition.  Nausea  occurred  every  morniii^,  and  cltaugcs  had 
taken  place  in  the  areola.  Digital  exaininaiion  revealed  the  tact  dui 
the  OS  uteri  was  little,  if  any,  changed  froiu  its  normal  ccMidition.  By 
pressure  over  the  right  side  it  was  possible  to  feci  a  cerlam  liardnes6 
not  present  on  the  other  side,  but  by  conjoined  uianipulalion,  wiih  one 
&nger  in  the  vagina,  a  distinct  rounded  iiias^  could  t>e  felt. 

Examination  per  rectum  revealed  Us  presence  even  more  distinctly. 
If  pregnancy  existed — aiul  of  this  there  seemed  to  be  no  reasonable 
doubt — it  had  advanced  nearly  to  the  fourth  niontht  and  a^  tlic  lumot 
M'as  large^  much  larger  than  in  the  case  just  related,  there  was  evt^ 
dently  no  time  to  lose  Dr.  Rockwell  had  brought  with  him  a  suitable 
apparatus,  and  immediately  oi>eratcd  by  introducing  one  pule  into  the 
rectum,  and  placing  the  other  externally.  On  account  of  the  great  dis- 
tention of  the  Fallopian  tube,  and  the  danger  of  rupture,  he  fcU  the 
necessity  of  exercising  the  utmost  care,  and  conscquentJy  made  use  oC 
the  interruptions,  with  a  current  strength  of  but  IweEve  celU,  or  about 
sixteen  volts.  The  current  would  then  be  quickly  increased  witlioul 
interruption  and  allowed  for  a  moment  to  pass  in  a  continuous  stre.i  m. 
The  treatment  was  concluded  by  a  second  application  on  the  follow- 
ing day*  Visiting  the  patient  some  two  weeks  subsequently,  he 
found  that  the  tunior  had  decreased  in  siie  at  least  one-half,  and 
at  this  time,  after  the  lai^se  of  several  inontiis,  it  may  be  said,  so 
far  as  any  external  evidence  of  ic  is  coucerned,  to  liave  entirely  disap- 
peared. 

The  last  case  is  as  follows  ;  On  December  14,  1882,  Dr.  Rockwell 
was  informed  by  Dr.  H.  Marion  Sims,  that  Mrs.  A— a  patient  of 
his,  was  suffering  from  extra-uterine  pregnancy,  and  was  by  hiiu 
rjuested  to  undertake  the  destruction  of  the  foetus  by  electricity. 

Although  married  a  number  of  ycars^  she  had  never  before  been 
pregnant  Dr.  Siins^  on  first  discovering  the  possibilities  of  this  con- 
dition, called  in  consultation  Dr.  T.  Addis  Emmet^  who  positively 
confirmed  ihe  diagnosis.  The  pregnancy  had  advanced  to  die  third 
month,  and  the  tumor,  which  was  about  the  size  of  a  child's  ftsl,  wu 
movable  and  could  be  distinctly  fell  both  from  without  and  within. 
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The  size  of  the  enlargement  was  such  that  (he  operation  was  urged 
itLitneiliatcly.  For  fear  that  the  cyst  might  be  in  danger  of  mptjre 
through  uiicontroUable  uiovements  of  the  patient,  Dr,  Einmei  advised 
lite  admiiiiKlralion  of  an  anaesthetic. 

Ether  liaving  been  given  by  Dr.  M.  H.  Nash^  Dr.  Sims  placed  the 
uterine  electrode,  and  shocks  from  a  galvanic  current  of  bat  sixteen 
volts  in  slrengUi  were  passed  through  the  f^je^al  mass. 

The  inildne&s  of  the  treatment  was  necessitated  because  of  the  un- 
usual nerve-irritabiUiy^  and  the  violence  of  the  muscular  contractions. 

Although  it  waif  probable  (hat  the  destruction  of  the  foetal  Ufe  had 
been  effected  at  the  first  stance,  the  operation  was  repeated  on  the 
i8ih,  24ih,  and  37th  of  December^  for  the  purpose,  first,  of  absolute 
certainly,  and  second,  to  a-ccelerate  the  absori>tive  process.  The  con- 
tour and  seat  of  the  tumor  were  not  only  changed  after  the  first  appli- 
cation, but  It  ra|>idly  decreased  in  size.  The  patient  experienced  no 
unpleasant  ciTects,  and  within  £i  short  time  was  able  to  start  for  Eu- 
rope. 

In  the  treatment  of  extra-uterine  pregnancy,  it  is  an  important  point 
to  be  dcculcd,  as  to  the  best  form  of  electricity  to  be  used.  Not  only 
has  galvanism  and  electro-magtietistn  been  guccessfully  employed,  but 
it  is  said  that  the  common  magneto  electric  battery  has  also  proved 
sufficient ;  but  from  both  a  physical  and  jjhysiological  point  of  view,  and 
as  well  through  the  teachings  of  experience,  we  cannot,  for  our  parti 
doubt  that  galvanism  is  preferable  to  the  other  forms.  It  is  more  cer- 
tain in  its  effects.  It  has  a  greater  power  of  overcoming  resistance, 
and  consequently  its  influence  is  felt  deeper  than  the  other  forms. 
Four  important  effects  attend  the  passage  of  the  electric  current 
through  the  Wving  body,  and  all  these  undoubtedly  enter  as  factorSt 
either  in  destroying  the  life  of  the  fietus  or  in  the  subsequent  process 
of  absorption. 

These  effects  may  be  designated  as  mechanical,  physical,  chemical, 
and  physiological. 

The  mechanical  effects  of  the  interrupted  galvanic  current  are  equal 
to  those  of  the  faradic  current,  while  the  physical  effects,  manifested 
by  heat,  and  the  u'rodifi cation  of  endosmoise  and  exosmose  are  in  the 
main  the  results  of  galvanic  action. 

By  the  passage  of  the  galvanic  current^  the  endosmotic  phenomena 
may  be  both  stimulated  and  reversed.  The  faradic  current  froni  the 
secondary  coil  produces  no  such  effect  The  current  from  the  inner 
coil  produces  these  effects,  but  in  a  much  less  degree.  Chemical  or 
electrolytic  effects,  again,  are  altuost  wholly  the  result  of  galvanic  ac 
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lion,  and  it  should  be  remembered  that  the  electrolysis  of  organic  sulf- 
stances  starts  a  process  that  continues  long  after  tlie  Ciirrent  ceases  to 
flow.  The  physiological  effects  of  eleciricity  are  those  which  take 
place  by  virtue  of  the  vital  properties  of  the  body,  and,  unlike-  the  oilKr 
effects,  are  only  obi>erved  in  living  substances.  Physiological  efifccts 
are  manifested  on  the  circulationr  on  secretion  and  e^icretion^  but  only 
as  absorption  is  effected  does  it  interest  us  here,  and  tt  is  quite  cvi< 
dent  that  the  absorptive  jwwers  of  the  secondary  current  are  quite 
limited. 

In  any  case  of  tubal  pregnancy,  and  especially  in  those  ^vanced 
conditions  where  the  lube  is  greatly  distended,  and  there  is  danger  o£ 
spontaneous  rupture,  the  possibility  of  hastening  this  caustrophe  in 
the  attetiipt  to  destroy  the  life  of  the  ftetus  should  never  be  lost  sight 
of.  The  tubes  themselves  are  but  slightly  supplied  with  muscular  fibre, 
and  the  danger  would  more  especially  arise  from  the  powerful  com- 
pression  that  is  liable  to  be  exerted  by  the  abdominal  muscles,  and  the 
effort  should  be  so  to  diffuse  the  current  proceeding  from  the  externa] 
pole  as  to  produce  the  least  mechanical  effect  possible.  In  regard  tu 
the  diagnosts  of  extra-uterine  pregnancy*  it  niust  be  confess^ed  that  it 
is  not  always  an  easy  matter,  and  in  the  cases  just  related  the  qtie^ttun 
may  arise  as  to  its  accuracy.  The  eminence  of  the  gentlemen  associ- 
ated in  the  cases  should  perhaps  be  a  sufliciently  strong  argument  for 
the  correctness  of  the  diagnosis,  but  conclusive  evidence  lies  also  in 
the  effects  of  the  treatment  itself.  The  results  of  the  electrolysis  arc 
well  known,  but  in  no  other  fovni  of  tumor,  cystic  or  otherwise,  is  It 
possible  for  the  galvanic  current,  used  as  described,  to  produce  simlUrlr 
prompt  and  effective  results.  In  regard  to  the  effects  of  electricity  ou 
normal  pregnancy,  suggested  by  the  case  of  double  pregnancy  that  we 
have  related,  a  word  may  be  saiti  It  is  a  mistake  to  suppose  thai 
abortions  are  readily  produced  by  electricity.  Without  the  electrode 
is  introduced  directly  into  the  uEerus,  which  would  of  course  be  suffi- 
cient without  the  passage  of  any  current,  the  strongest  treatment  that 
it  is  prudent  to  give  may  prove  tnMifficient,  Of  this  we  have  had  evi* 
dence  in  several  justifiable  attempts  to  bring  on  a  intscarriage.  In  the 
case  just  alluded  to  the  current  was  strong*  applied  by  shocks,  and  in 
close  proximity  to  the  uterus^  affecting  it  not  only  rellexly,  but  in  some 
measure  directly,  yet  the  normal  pregnancy  was  in  noways  disturbed  ; 
and,  so  far  as  concerns  general  applications  for  the  production  of  con^ 
stitutional  totiic  effects,  we  have  in  many  instances  administered  ibetn 
with  impunity  through  the  whole  course  of  gestation,  and  with  the  most 
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happy  results.  The  question  may  be  asked,  What  becomes  of  the  foetal 
mass,  after  its  destruction  by  the  electricity?  The  probability  is  that 
it  first  becomes  encysted  and  then  gradually  absorbed.  At  all  events, 
in  all  of  the  foregoing  cases^  the  enlargement  entirely  disappeared 
within  a  comparatively  short  time,  and  was  not  the  cause  of  the 
slightest  discomfort. 
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MlTiriCiAL   RESPIRATION    BY    Er^ECTRIZATION^   IN  CASES   OF  AFPARENi 
DEATH     FROM     DROWNING,  OR    SUFFOCATION    THROUGU  POISONO 
OA^ES,  OR.  IN  ASPHYXIA  OF  NEW-BORN  ENFANTS. 

The  process  of  exciting  artificial  respiration  by  faradization  *  is  4S 
follows  : 

I.  L^i  an  assistant  put  the  heady  shouldirs,  and  arms  of  the patietii  m 
fixtd  p^siiion^  while  amiher  stands  ready  to  assist  th€  t^iraiffj 
movements  by  pressure. 

2-  Graduate  the  current  dr  a  strength  sufficient  to  produce  vig9t§m 
cor^tr^setiaHs  of  the  muscles  of  the  Ml  of  the  thumbs  and  then  press  tki 
sponge  electrodes  ( ut/ttch  should  be  of  large  size  and  meli  moistened) 
firmly  over  the  phrenic  nerves  at  the  outer  borders  of  the  sterna  elnih 
mastoid  muscles  and  at  the  lower  end  of  the  scalent  muscles. 

5,  Interrupt  the  current  ( either  by  removtHg  one  of  the  electrodes^  m 
by  an  inierrupter }^  about  three  times  a  'minute^  while  the  assistant  presses 
firmfy  on  the  abdomen^  pausing  occnsimally  to  observe  the  effect, 

4*  If  after  a  number  of  interrupiwns  no  inspiratory  movements  ap 
ptar^  increase  (he  strength  of  the  current. 

In  some  cases  it  is  sufficient  to  put  one  electrode  over  the  phrentc 
nerve  and  the  other  in  the  seventh  intercostal  space. 

Large  electrodes  are  used  so  as  to  affect  the  other  muscles  which 
have  a  ^are  in  inspiration  (scalenus-anticus  and  sterno-cleido-mastoitl) 
litnultaneously  with  the  phrenic  nerve.  The  object  of  hotdii^  the 
aims  and  shoulders  in  a  fixed  position  is  to  prevent  the  interference 
which  may  arise  from  the  contractions  of  the  nnuscles  of  the  arms,  ami 
at  ihe  same  time  to  obtain  the  co-operation  of  the  serratus  and|tectoral 
Obuacles. 

Frof.  Zicntssen,  who  lirst  proposed  this  method  of  producing  artMciaJ 
f*i|»ir&lioni  advises  the  trial  of  the  galvanic  current  tn  those  cases 

*  fttfadic  current  is  usudly  employed  for  this  purpose^  although  the  iiilertu|«icd 
f(tN«*k  cttPrcBI  vakjgjai  answer  ihe  purpose. 
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ffhere  the  initabiljly  h  la&t  to  the  faxadic.  The  sanie  wrhcr  prcsenU 
a  number  of  successful  i^i^ults  in  cases  of  potsoriing  by  carbonic  acid 
g&a  with  this  method  of  treatment  from  bis  own  and  other  experience.* 
In  a/ttjjm  poisoning  arti&cial  respiration  by  faratU*ation  may  be  tried 
eitliei  aloQc  or  ki  connection  with  other  niethodb.  Dr.  Iram  has  re- 
|)orted  a  case  of  opium  poisoning,  which  recovered  on  the  application 
of  cue  pole  to  tht^  neck  and  the  other  to  the  perin;£um,  after  tanQiri, 
coffee,  aod  tartar  eiueiic  had  been  uasuccessfuUy  employed  for  several 
hours. 

Those  who  atteni[>t  to  produce  artiBcial  respiration  in  cmergencie? 
are  frequently  unfamiliar  with  tlie  motor  point  (see  p.  287)  of  the  piue- 
nic,  and  tliercfore  apply  the  pole  in  the  neck  indiscriminately.  A 
medical  acquaintance  informs  us  that  aiiatiempc  of  this  kind  which  he 
Enade  in  a  caf&e  of  optnin  poisoning  proved  insttrtitaneousJy  fiUal  t&  tht 
patient.  Under  ordinary  methods  the  patient  was  recovering,  but  in 
order  to  expedite  the  progress,  faradization  was  tried-  One  pole  was 
placed  on  the  ribs,  and  the  other  somewhere  in  the  neck,  in  order  to 
6nd  the  phrenic  nerve.  Immediately  the  patient  ceased  to  hrmtlu^  and 
no  further  trc*i.tniet>t  availed  to  rc:>u&citate  her. 

Tins  cast^,  so  far  as  wo  know,  is  unprecedented.  It  is  explicable  only 
on  the  theory  that  the  shock  of  the  sudden  closure  of  the  current  near 
the  nervous  centre  destroyed  the  waning  life  by  concussion. 

This  unique  and  unfortunate  case  should  not  deter  any  physiciaa 
from  resorting  to  the  electric  method  of  artificial  respiration  in  all  cases 
where  it  is  indicated,  any  more  than  the  equally  unique  case  of  bliiid- 
tiess  produced  by  the  galvanic  current  (recorded  by  Duchenne)  should 
deter  us  from  galvanizing  the  eyes  and  face* 

Meyer  records  a  successful  result  m  a  case  of  threatened  dea^th  irom 
exhaustion  after  diphtheria,! 

FricdbergI  succeeded  in  restoring  a  child  of  four  years,  asphyxiate 
by  chloroform,  by  this  method^  combined  with  compression  of  the  dia- 
phragm .§ 

Many  failures  have  been  made  in  the  attempt  to  produce  aitifickl 
respiration  by  faradization,  because  the  operators  were  ignorant  of  the 
true  method  of  application,  or  were  not  sn^ficien^ly  persevering. 

Dr.  Beard  has  t-wice  failed  to  resuscitate  dogs  that  were  najcotiied  by 

*  Die  ElectricitiLt  in  dei  Medicii:^  iS66^  p»  174  et&eq, 
fOp.  cit.,  p.  431. 

%  Quoted  by  Meyer,  op  dL,  pp^  431,  4^ 

%  IrrUntion  of  ilic  phrenic  nerre  mi^ht  be  reidily  combined  with  Howard*!^ nvtliod 

if  anificUl  Tcspiratit>n. 
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chloroform,  although  the  applications  were  begun  m  less  than  a  miiiciei 

after  the  heart  ceased  to  pulsate. 

He  failed  also  in  a  case  of  opium  poisoning  in  an  infant  six  we^:ks  old 
Some  remarkable  rejsults  have  been  reported  where  life  was  sj^ved  bj 

faradization  around  the  neck  and  chest,  kept  up  by  intervab  for  mMnj 

hours. 

Dr.  Allan  McLane  Hamilton,  from  a  number  of  interesting  experv 
luents  undertaken  to  test  the  utility  of  electncity  In  asph)^!^,  condudet 
as  follows 

ist.  That  it  is  useless  to  expect  good  results  Lf  &ve  minutes  hare 
elapsed  since  life  appeared  extinct. 

2d.  That  the  current  should  be  applied  faitlifully  and  4ieadUy^  one 
pole  being  placed  on  the  ensifonn  cartilage,  the  other  OQ  the  base  tA 
the  skull  or  over  the  tracks  of  the  great  nerves  of  ihe  neck. 

3d.  That  the  faradic  and  interrupted  galvanic  currents  are  the  best 

4th,  That  the  current  should  be  applied  some  lime  after  respiralorjr 
movements  have  become  regular  * 

ResHsciiati'an  of  New  born  Children. — Successful  experiments  in  the 
resuscitation  of  new-bom  children  have  been  made  by  SchiiU  and 
Pernice.  The  latter  succeeded  in  three  out  of  five  cases.  In  one  of 
his  cases  tlie  child  was  born  to  all  appearance  dead.  Restoration  was 
accomplished  in  half  or  three  quarters  of  an  hour  by  the  alternate  ose 
of  the  wann  baih  and  faradization  of  the  phrenic  nerve, 

Legro^  and  Onimus  f  have  experimented  on  animals— rats,  dogs — 
with  a  view  to  bringing  on  resuscitation  during  syncope  from  loss  of 
blood.  They  used  the  galvanic  current,  placing  the  negative  pole  in 
the  mouth  and  the  positive  in  the  botvets- 

Dr.  Rockwell  has  treated  several  cases  of  suspended  respiration-  A 
new-born  babe  was  to  all  appearances  dead ;  faradization  of  the  phrenic 
Derve  resulted  tn  decided  manifestations  of  life  for  a  few  momenta 
only*  In  the  case  of  a  lady  who  was  in  a  state  of  asphyxia^ — from  » 
subcutaneous  injection  of  morphine' — faradization  of  the  phrenic  nerve 
excited  respiratory  movements  which  were  repeated  some  twelve  or 
fifteen  times  after  the  current  ceased  to  pass.  He  did  not  succeed  ic 
saving  the  patient. 

*  Electricity  as  a  Means  of  Resusdlaiion.    Amc  icui  PrACtiliouer,  OcL,, 
\  Gu.  cks  11 6p  ,  No.  53, 
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DISEASES  OF  mv.  HEART  AND  LUNGS 

PaipUathn  of  the  Heart. — That  galvanization  of  the  sympathetic 
*nd  general  elcctri^aiion  have  a  positively  accelerating  or  sedative 
effect  on  ihe  action  of  the  heart,  we  have  demonstrated  by  a  larg^ 
numbtrr  of  experiments,  {See  Electro-Physiology.)  This  effect  is  pro* 
ditced  by  the  action  of  the  current  on  the  sympathetic  or  the  pnciinio- 
gaslnc  in  the  neck,  or  in  general  electrization  it  may  also  result, 
sccondiirily,  from  the  influence  that  the  system  at  large  receives  from 
the  application. 

Cases  of  functionai  disturbance  of  the  heart,  associated  with  dyspep- 
■Ia  and  hysteria  and  anaemia,  we  have  found  to  yield  to  general  faradi- 
lation  in  a  large  variety  of  instances,  even  ^vhcn  no  special  attention 
was  directed  to  the  sympathetic  or  the  pneumogastric 

Fliess  experimented  with  the  galvanic  current  in  twenty-four  cases, 
nineteen  of  which  were  functional,  and  five  of  an  organic  character 

All  the  cases  were  more  or  less  relieved,  even  those  dependent  on 
structural  lesion,  while  the  majority  of  the  functional  cases  were  perma^ 
ncntly  cured. 

His  method  of  treatment  was  the  daily  application  to  the  pneumo* 
gastnc  in  the  neck  of  mild,  descending,  galvanic  currents,  for  one  or 
two  minutes.  Temporary  abatement  of  the  symptoms  followed  each 
application. 

The  treatment  of  functionaf  palpitatiot^  of  the  heart  is  certainly 
worthy  of  more  attention  than  it  has  thus  far  received  from  electro- 
therapeutists. 

PsSpit^i&n  ef  the  heart  aisoctafetl  •with  dyipepsia — Unusvat  tusf^fifi^tfity  to  /4< 
carrttit — Great  ipiprmemtni  undtr  general  faraditatUn, 

CasiCLXXL — Mr.  B.^ofNew  Jersey,  applied  to  us  March  lat,  1S67,  wUh  the 
qnnptoms  of  weakness  of  Ihe  stomach  and  Uver,  and  also  of  functioiuil  derangement 
of  the  heart.  He  was  lall,  somewhat  spare,  btit  of  fair  miiBcular  dcvelopmenL  Ifii 
DCCDpation  wai  that  of  a  farmer,  hut  for  some  ttme  before  h«  visited  u>i  lie  had  breo 
uiiAble  to  mak*  any  protracted  exeriior^  He  hod  tested  variotLs  kinds  of  iiitemaf 
ffiedicuic^  atid  with  imsa^tisractory  rtsul'.S. 
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Dnring  the  ^t^t  application  he  wa^  Tnomentarily  overcome  by  s  fee^liftg  of  rBuitnra^ 
but  at  once  ralliecl,  and  went  away  feeling  stronger  and  brighter.  He  riiniiinaed  t» 
visit  us  two  or  three  times  a  week,  for  ncftrly  ti»o  months.  The  improvemeat  ww 
slow,  but  very  poiikive,  with  occasional  temporary  icbpses.  The  oll^iJbC  ^rmptom 
^adually  diniinishecj,  his  strength  incr&ased  lo  such  ui  extent  Uial  he  waJ  Able  ta 
resume  m  p:irt  his  daily  arocation. 

When  he  left  us  his  digestive  fnnclions  were  well  pcrfomsedj  and  be  httd  ntidckr- 
nn^ements  to  enter  upon  an  active  and  pleasant  ^lut  door  employmenl. 

Angina  Pfctoris.—Hh.^  treatment  of  angina  pectoris  has  ever  beta 
unsatisfactory.  The  cases  that  have  fallen  tinder  our  observation  wtst 
mostly  of  a  chronic  character,  aiid  turned  to  electro-therapeulict  &s  t 
last  resort.  As  illustrative  of  the  best  result  that  we  have  been  able 
to  obtain  in  the  treatment  of  this  remarkable  disorder,  the  folloiriu 
case  is  presented  :  fjtk 

Angina  p^tsris — Proifobly  of  an  idiopatAif  charstcter — RetffVfry  wn^tr  ^mtrmt 

Cas^CLXXIL — The  patieQt  wa>t:i stout,  vigorous  maR^  aged  4S,  and  foreigliten 
months  he  hpd  been  the  vlcdm  of  violentt  sharp,  shooting  psiii&»  ander  the  stemunu  b 
the  left  shoulder  and  arm.  Frequently  the  neck  would  uiffer,  and  occftsiqfially  the  left 
leg.  Phyf^icftl  explorniion  gave  no  evidence  of  organic  diKase;  and  ss  it  WAS  linpM 
sible  to  HnJ  any  eKlemal  cxtUitig  causC;,  we  attributed  the  symptoms  (o  itliopKtlac 
causey.  Wfieti  hr  tnuvctl  more  rapidly  than  usual,  or  o%'cr'Ciierteti  blmscir  in  uif 
wjiy,  he  WA&  liable  lo  be  sclze^l  with  a  violent  sen%  of  constriction  in  the  diest,  wimh 
caused  hint  to  feet  r!^  ir  abaut  10  die.  In  ft  moment  the  railiftting  pwn&  described 
abt>ve  -would  follow,  and  compel  him  to  stop  perfectly  still  Hi*  npf>eiite  am!  ififc*- 
lion  were  but  litllc,  if  any,  impaired  \  yei,  from  the  fir^t,  the  frequency  and  severity 
0I  the  nttacks  had  gradually  increojied  Afi  A  rule,  a  paroitysm  occurred  every  day, 
and  Treqqcntly  Eieveriil  times  daring  ibe  twenty-four  hours*  Occasionally,  howeso; 
a  week  would  pass  without  an  attadc. 

We  made  use  of  general  faradiution  when  be  was  entirely  free  from  any  imeasi* 
ness.  Three  days  elapsed  befdre  he  agRlt)  caroe  to  but  during  thi^  ioterval  the 
malady  had  not  manfre!^iedtt«e1f. 

Before  administering  the  second  application,  the  patient  purposely bn night  oa  s 
prirQiysin  by  violently  swinging  his  arms  and  t>ending  his  body.  In  ihe  midst  of  tiM 
pain  the  positive  ptjlc  wai  ituddenly  applied  ouer  the  nipple,  and  a  very  iQtcnw  car- 
rent  sent  ihrough  the  body.  With  the  rapidity  of  Ihe  passage  of  ibe  electricity  UadC 
the  pain  left  him,  and  after  the  usance  iiad  do^,  be  found  tt  impoi^ble.  by  any 
elTort  he  could  make,  to  bring  on  another  attack.  At  the  next  vinU,  three  d^ys  Mb> 
Mqoently,  he  wfis  able,  by  very  violent  effort^  to  bring  on  a  jiarosysin,  but  of  fin 
less  severity  than  before;  Sknulfir  tre^itmenl,  by  lucalised  faradization,  immeditttdy 
tclicvcU  him.  A  few  more  applications  were  given,  but  during  hi^  visits  to  oa  Im 
never  !^uccect^ed  in  exciting  another  attack,  that  we  might  have  the  pleasure  of  jot^ 
duing  It.  For  .wcral  months  after  he  wa»  discharged  as  cured,  he  Imd  no  rrium  of 
the  .'uigina. 
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Aftgifta  ptctffP-is—D^riJtd  rel.tf  under  central  ga/i'tuiis^jfwn — R^tapse, 
Case  CLXXIII.—Mr.  M.^  agei]  35^  reTerreJ  tu  us  Uy  Dr.  Lciimmg,  had  for 
twenty  year«  been  a  sufferer  (rgm  i.ar<liac  palpitations,  with  some  of  the^yinptoaibol 
(Ln;;ina  pectoris.  The  carJiac  palpitation  iwmed  to  have  a  relation  to  the  condition  of 
tlte  itomacti,  being  n^ociat^  with^d  appiLrentLy  depeiulerit  on  iLttack^^  of  inrUge^'Lion, 
tiiended  with  regurgitiiifim  and  pyrnsis^  [t  wa!^  one  of  those  cases  where  it  was  diffi- 
cylt  to  determine  precisely  in  wliat  orgnn,  or  nerve,  of  ticrvc  plextisv,  the  symptoini 
took  their  origin,  'J*he  pwicot  was  not  remarkak^y  inie)li(>en1«  but  so  for  as  could 
be  glieaned  troni  history,  the  alt^ckii  involved  both  the  hc^rl,  and  the  stomach,  1^ 
il  was  ccrtam  that  anything  ihut  excitedl  indige^ttori  uHcn  ushered  in  paroxysm*  of 
great  icvciity.  Organit  disca^  of  the  hcturt  had  been  suspected,  but  L)r,  Lcnmi/iB, 
a.  Ekilful  and  practised  auscultAior*  decltled  that  there  wa:^  no  such  lesion.  Medicine 
hikd  accornplt^hcJ  but  little  for  the  patient,  and  we  decide^!  to  use  central  gadvoniia- 
ti'^n.  TI]c  first  application  was  mild  a>nd  brief,  but  tc  caused  much  diznne'u,  and  fot 
the  motn^nt  abrmed  and  worried  the  patient,  la  a  few  days  howerer^  he  bcga.n  to 
improve  in  his  symptoms  Andbegsn  also  to  bear  the  current  better.  Far  About  two 
monlhs  the  patient  perxvcred  tit  taking  the  treatment,  and  with  most  decided  im- 
provenient. 

Wliilc  the  cure  was  not  perfect,  yet  aU  his  symptoms  were  so  alleviated,  that  life 
became,  in  a  measuie,  enjoyable^  instead  of  a  heavy  and  constant  burden,  Subse* 
quently  be  relapsed. 

We  may  have,  as  iHiiBtrated  by  the  roUo\\'ing  casCj  a  retrocession  of 
the  rheumatic  or  gouty  diathesis  to  the  heart,  and,  according  to  some 
writers^  to  the  litngs  also,  producing  an  inctirable  organic  lesion  [hat 
may  result  in  this  neurosis*  A  metastasis  to  the  stomach,  of  either  of 
the  two  diseases  just  mentioned,  may  give  rise  also,  according  to  others, 
to  symptoms  of  cardiac  neuralgia. 

Angina  ^/prh  /oUiwing  rt^led  aftacJis  of  gout — Aggrevaled  iemporariiy  hf 
tirong  gaivaaizatiort — Rilirtted  by  mild  gtneral  f&ratdimlion. 

Ch^t.  CLXX  [V. — Mr.  B.,  aged  5a,  was  referrel  to  us  by  the  late  Professor  Get>. 
T.  Elliott.  Thepatic»t  vras  a^tout,  plethoric raan,some#hAladvanceiUnye9^r^beyottd 
the  middle  pcrioil  of  lite.  He  wn$ perhaps  what  might  be  caJled  a  "  high  liver,"  ind 
far  years  he  had  indulged  in  wincn  freely,  although  not  to  great  exce^iSi* 

He  had  00  two  or  more  occa-^ions  sufTericd  quite  severely  fforn  attacks  of  ^ut  of 
the  p'eat  toe,  and  very  soon  a(\er  recovery  fioin  the  last  atliick,  he  (>eg3n  to  experi- 
ence flight  symptoms  of  hi*  prc«int  difhcalty*  The  pain  gcnernlly  commenced  m 
ibe  chest,  behind  and  a  little  to  the  left  side  of  the  sternum,  and  extended  to  th« 
shoutder  nntt  down  the  leg* 

Occaaionally,  the  symptoms  would  first  manifest  themselves  in  the  leg,  and  then  ex- 
tend to  the  heiu-t. 

The  p^aroxyrims  were  never  severe,  so  Long  as  a  quiet  posture  ua»  maintained,  but 
the  enCTlion  of  aacendinj  one  or  two  flights  of  stairs,  or  walking  a  few  blocks,  alma«l 
invanably  excited  much  pain,  accompanied  with  a  very  distressing  shortness  of  breath. 
The  patient  remarked,  u  a  singular  fact,  that  while  such  alight  efforts  readily  caUNd 
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cardiac  dIsEreas,  it  was  possibk  Tor  him  tp  exercise  quite  violent]):  wttb  tight  damb-M^  ' 

and  yet  ¥-nf[cr  from  none  of  ihe  evil  cFTeots  lixAt  might  from  htisAogy  be  eaqwclcdtA 
follow.  The  firit  two  appltcalions,  given  in  Novcmljcr,  1867,  were  foUimcd  by  m 
s^eiol  resuEt& 

Treatment  with  a  powerful  faradic  current^  gn  n.  third  ooca<.ion^  coaUdermblj 
gravated  the  i^ymptoms.    The  founh  application,  gi^'en  with  u  milder  cuircQt,  worked 
an  immedia.te  change  for  the  better. 

The  pam  was  immediately  cltsdpatedi  and  for  two  6aj%  until  we  aw  him  again,  lie 
WB&  far  better  ihxn  he  had  been  for  monthji.  He  walked  a  long  distance  wrihottf 
bfUigat  all  opprewcd  m  breathing,  and  at  night  he  wasquiie  comfortable;,  althtmgii 
heretofore  his  symptoms  were^  as  a  rule,  much  aggravate!  at  this  lime.  On  the  left 
adeoftheneckf  the  ^ipplication  excited  pain  that  proceefied  toward  the  chest.  On  iht 
right  side,  no  such  effect  was  noticed.  Withoul  detailing  farther  the  incidents  cott* 
nected  with  this  ca>ie,  we  will  simply  ^ythat  treatment  by  both  currents,  together  wttli 
pflTsistent  medication,  accomplished  merely  occasioniLl  and  lempcprary  ametioraiion  ol 
his  distressing  ^mptoms.  It  is  true  that  physical  exploration  g^ave  no  evidence  of  or 
ganic  lesion,  but  in  consideration  of  the  undoubted  gouty  diathe<<i<i,  together  with  the 
persistent  character  of  the  symptoms,  there  could  be  no  hoitaiion  in  declanng  iht 
existence  of  some  Lrrcp^irible  structural  disease.  It  Is  tinp}^!>ib1e  to  accaout  for  tbc 
temporary  but  tnarked  ametioraCion  that  on  diiTerent  occasions  followed  the  applio- 
tiaas,  sritbout  we  refer  it  to  ilie  mild  an^cslhetlc  effect  of  the  firadlc  current, 

JMseases  the  Lungs.- — For  diseases  of  the  lungs  electrixation  has 
accomplished  less  than  in  any  other  department  The  recogniied 
gravity  of  phthisis,  together  with  the  d  priori  imjjrobabtlity  lhat  it  could 
bt  directly  cured  by  any  known  methods  of  using  electricity — tJiese 
two  causes  Jiave  deterred  electro-therapeiilists  from  making  even  etperi- 
mcntal  applications  lo  diseased  hings.  One  aiithur— Bastings,*  of 
Brussels — howeverf  has  reported  most  astoundijig  results  from  faradia* 
tion  of  the  muscles  of  the  chest.  If  we  accept  in  good  faith  the  state- 
ments of  this  author,  even  the  second  stages  of  phthisis  may  be  cur«d 
by  this  method,  which  seems  to  affect  the  lungs  not  directly,  but  in- 
directly, throitgh  the  muscular  development  which  it  causes,  and  the 
greater  amount  of  oxygen  which  it  enables  the  Umgs  to  breathe. 

The  amaxing  statements  which  the  author  advances^  concerning  the 
cure  of  cot^5l1lnpt^o^^  are  entitled  to  mare  consideration  than  they 
would  otherwise  receive,  from  the  fact  that  the  fundamental  idea  oti 
which  his  treatment  is  based,  namely,  that  faradLzarion  of  the  muscle* 
— <K*ctro-iuuscular  gymnastics  —  markedly  increases  their  size  and 
Sfiren^th,  and  aho  improves  the  general  nutrition,  is  eminently  sound 
tfid  thoroughly  demonstrable,  as  we  have  shown  dunng  all  our  invesii- 
l^liODStn  electro  therapeittics, 

*  CtoLH^ttichwindsucht  und  ikrc  Heilung  durch  Etectridtit.    TruuUted  froa 


Vai]st*has  expcnmerjted  with  the  method  of  Bastmgi — electro-mus- 
2ulai  gymnastics — m  growing  children,  who  were  not  affected  with  aoj 
special  diathesis,  but  who  "presented  the  appearance  of  debility^  Inn 
gner^  and  lack  of  force  sa  freguefitly  f&und  among  the  poorer  dasresJ* 

The  results  were  "  ivonderful,"  Not  only  were  the  muscles  of  the 
chest  greatly  increased  in  sue  after  a  nutiiber  of  applications,  but  theit 
'*  breathing  was  deeper,  their  appetites  better,  and  they  were  mor*' 
cliecrful  and  lively." 

After  six  months'  treatment  the  increase  was  still  more  marked  in 
some  of  the  ca.ses.  According  to  our  ejcpericnce,  the  growth  of  the 
muscles  under  faradization  is  at  first  quite  rapid,  but  subsequently 
much  slower,  and  in  a  few  months  becomes  stationary. 

Bastings  has  used  these  electro  muscular  gymnastics  in  consumption, 
not  with  a  vierv  to  directly  affect  the  tulercuhu^  deposit  at  all,  but^  by 
strmgthcning  the  muscles  €f  the  chest,  to  so  improve  the  respiratory 
p&wcr  that  more  air  can  he  inspired,  and  so  benefit  resuH  to  the  heaithy 
portim  of  the  limg,  and  ittdirectiy^  through  better  oxygenation  of  the 
bloody  to  a  certain  extent  on  the  diseased  portion  and  on  the  whole  system. 

The  method  and  principles  of  treatment  in  all  his  cases  was  substan- 
tially similar — electro-muscular  gymnastics ;  about  half  a  minute  was 
given  to  each  muscle,  and  about  five  minutes  to  each  sitting.  Pro- 
ionged  treatment  was  found  to  be  injurious. 

Th^  general  statements  of  the  author  were  confirmed  by  Dr.  Bougard,f 
who  afTiniis  that  the  patients  remain  cured  for  one,  two,  or  three  years. 

Dr.  Crocq  al^o  speaks  favorably  of  the  method  of  Bastings,  although 
m  the  treatment  under  his  own  direction  of  the  very  severe  cases  of 
consumption  m  the  St.  John  Hospital  he  obtained  no  |KJsitive  results. 

Although  the  beneficial  effects  of  muscular  exertdse  in  consumption 
have  long  been  conceded^  yet,  in  the  present  state  of  the  professional 
mind  on  the  subject,  the  statements  of  Bastings  will  need  mor^*  numer- 
ous indorsements  before  they  are  accepted. 

We  would  suggest  a  method  of  treating  pulmonary  tuberculosis, 
which,  so  far  as  we  know,  has  not  been  used,  but  which  is  surely  worthy 
of  a  trial.  This  method  would  consist  in  external  galvanization  of  the 
diseased  portion  of  the  lung  with  a  mild  stable  current.  The  electric 
current  mtght  thus  act  on  the  diseased  lung,  as  it  acts  on  inflamed  and 
ulcerated  siufaces  elsewhere* 

•  Mcdicinischcs  Journal^  vol.  3S,  Juni  1S64.  p,  599'  Sitrung  dcr  Oe^tlschaft  flii 
Medicin  und  Nftturwisscnschjiflen  7u  BrLt»elp  toth  3.  Mfti  1864.  TlmpApcfUprfr 
icDtcd  in  the  work  of  Bastings,  above  quoted,  p.  tig  et  wen^ 
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EXOPHTHALMIC  GOITRE. 

Exophthalmic  goitre  is  so  comparatively  infreritient,  and  hi 
ology  so  imperfectly  understood,  thai  its  therapeutics  have  neCMtttilf 
been  more  or  less  uncertain.  When,  therefore,  the  use  of  elcctncity  il 
suggested,  the  question  that  first  arises  in  ihe  mind*  of  those  who  have 
but  little  practical  experience  in  methods  of  electrical  treatttient,  relolei 
to  the  kind  of  current  and  the  details  of  it&  applicalion.  In  regnrd  to 
the  current,  every  physiological  consideration  amt  cx[»enencc  potott 
to  galvanism  as  pre-eminently  indicated^  and  yet  wc  iiiusl  bear  teilip 
niiony  to  the  fact  that  the  faradic  current  is  not  in  every  case  ittelaa. 
The  applicationsj  however,  must  not  be  heat  but  grn^rai^  after  the 
luethod  of  general  faradization,  and  in  a  certain  proportion  of  castas 
where  there  is  anniuiia,  with  loarked  nervous  irritability  and  physical 
weakness,  benefit  will  certainly  follow,  provided  always  thai  the  a|>er«P 
tor  will  take  sufficient  trouble  to  appreciate  the  various  &tep&  of  Ibt 
process  and  make  his  applications  practically  eificienL 

In  the  use  of  the  galvanic  current  upon  which  we  are  mainly  to  rcif, 
we  have  obtained  good  results  by  [jlacing  the  cathode  over  the  cilio- 
sptnal  centre  aboi^e  the  seventh  cervical  vertebra,  and  the  anode  in  the 
auriculo-maxillary  fossa,  gradually  drawing  the  latter  (after  a  (cm 
moments  of  stabile  treatment)  along  the  inner  border  of  tlie  sters^ 
cleido-mastoid  muscle  lo  its  lower  extremity.  The  second  step  in  thi« 
process  consists  in  removing  tbe  anode  to  the  position  occnpic^l  by  th« 
cathode,  and  placing  the  latter  over  the  solar  plexus,  u^ing  for  a  miinite 
or  so  longer  a  greatly  increased  strength  of  current. 

In  one  case,  falling  after  considerable  effort  to  accomplish  nicjTc  than 
a  very  moderate  degree  of  aineltoration  of  the  symptoms,  we  made  use 
of  currents  thai  were  rapidly  increased  and  diminished  every  few  sec- 
onds, as  described  in  Case  iSi,  with  very  great  benefit. 

Subsequently  to  this  we  cauie  across  a  case  originally  published  hf 
Dr*  Arvcona,  in  the  Ciornak  Vtnttc  di  scienz^  mtdUkt,  which  had 
escaped  our  notice,  where  an  obstinate  and  severe  case  of  Graves'  tlifr 
ease  bad  been  cured  by  this  method  of  current  interniptior*.  The  cuie 
was  atCcon^pUshfd  only  after  the  administration  of  one  hundred  appli- 
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calions.  Rxo[>1uhaInnc  goitre  is  undoubtedly  of  centric  origin,  and  iti 
many  cases  structural  changes  ofihe  sympathetic  must  atiderlle  all  ihc 
obscrvt'd  sympioius.  On  the  other  hand,  the  rapiti  recoveries  that 
have  been  known  to  follow  the  administration  of  certain  methods  of 
treatment,  render  it  in  the  highest  degree  probable  that  the  symptoms 
may  depend  as  well  on  functional  causes  alone,  its  onset  and  course 
have  been  so  frcqiii^ntly  and  fully  described  that  it  seems  entirely  un- 
necessary to  attempt  ;iny  detailed  description  of  its  numerous  symp* 
toms  other  than  what  will  be  found  in  the  accompanying  cases.  One 
facu  however,  in  our  own  experience,  that  wiJI  be  noted  as  the  cases 
are  given^  striken  ns  as  worthy  of  a  moment^s  attention,  and  that  is,  the 
frequency  of  the  disease  in  its  incomplete  fom).  By  this  is  meant  (he 
cases  where  the  exophthalmus,  Ihe  thyroid  enlargement,  or  the  cardiac 
symptoms  were  either  absent  or  but  slightly  develo[?ed. 

In  three  cases  the  eyes  were  very  little,  if  al  all^  affected,  white  the 
cardiac  palpitation  and  thyroid  swelling  were  very  decided.  In  one 
case  the  pulse  was  but  88,  while  the  other  two  symptoms  were  dis- 
imcily  present,  fn  every  case,  however,  thai  has  fallen  under  otir 
observation,  the  thyroid  was  large  and  pulsating  ;  and  yet  Trousseau 
and  others  report  cases  which  they  regard  as  true  examples  of  Graves' 
disease,  where  ihere  was  little,  if  any,  evidence  of  glandular  enlarge- 
uienL 

£x9/AtAa/mu  gffitre  of  mt  year*t  sti^nding—fntrmstd  Umptraturt^RH^try 

Jolttm^  ^/Uen  a^J^IifattOHJ  of  gah'uHism. 

Case  CLXXV,— The  patient,  J^bn  L  ,  wa.*  1  pate^  slim  rnan,  aged  29,  and 

by  occupation  a  compositor.  The  three  coirdinat  symptoms  of  tli«  disease,  vU,  : 
exophthilmus,  swelling  of  [he  thyroid  glidid,  and  pilpiUtion,  were  preKtil  in  a 
marked  ile^rcc,  and  in  oddhion  there  was  a  want  of  harmony  between  the  move- 
ments of  the  upper  eyelid  and  eyeljAil,  a  phenomenon  first  Db«ervetl  by  Von  GfaefCi 
and  by  him  re^aided  as  jTathognamonic. 

The  bisiory  and  antecedents  of  the  case  are  as  follows  :  The  mother,  now  deceased, 
suffered  from  epileptic  ^eiiitres  from  the  earliest  remembrance  of  our  patient,  witilc 
an  older  sister  was  ihe  victim  of  frcquenl  and  severe  aiiackfi  of  hysteria.  The  father 
hftd  been  intemperate,  and  died  of  delirium  tremens,  II  would  thus  seem  that  we 
had  in  this  hli^tnry  ground  for  a  beUef  in  the  importance  of  (he  relation  of  hereditary 
inflitences  to  ihei^  conditions, 

Tlie  health  of  ihc  patient  up  to  hi*  twenty-fifth  year  hid  been  unifDrmly  good,  and 
the  only  evidence  of  a  neurotic  prediiiposilitjn  wm  an  occasional  and  uneiplninable 
tendency  to  insoinnta  for  a  year  or  w>  previous  to  the  first  «ympiom£  of  his  di»ase. 
We  (irst  saw  the  man  July  6»  1879, 

During  the  summer  of  1 R7S  he  ob^rved  a  slight  swdUng  of  the  thyroid  J  very  soon 
after,  conaiderable  palpitation;  and  later  still,  pratmuoa  of  the  eyeballs.    It  is  to  be 
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noteiJ  rn  passmg  (hat  the  order  of  the  onset  of  ihe  sytnptoms  is  unusaol,  the  ih 
etilarf^cmenc  usually  hc'ing  second  in  order  of  devdopmcm  iu^twaij  qJ  fir*t. 

On  our  firsT  examinsEioii  we  Tound  the  gland  enlarged  to  abotil  the  site  of  ihe  fid 
of  a  chUU  of  trii  years,  the  jmUe  beating  in  frequency,  125  lo  the  mintile,  while  thr 
prtitrusinn  of  tlie  glube  of  the  eye  was  a.*  great  as  in  any  case  vt-e  have  <e€n.  By  »b- 
dc^nent  cxaminaiioji  wc  found  that  ilie  pulse  ranjped  from  no  lo  130,  On  ihrcr  liif- 
fereot  ucca&ions,  where  the  axillary  thermometer  was  uvd,  It  marked  100',  10l\ 
100.4^  Tin:  appeltte  of  the  patient  was  poor,  his  s«cretk)n!»  (iUordcroJ,  and  bu 
general  strength  impaired.  After  >omc  preliminary  mcdicalion  of  a  corrective  Bature, 
we  ^nvfi  the  ordinary  prescription  of  quinine  and  iron,  and  at  the  ssnmc  time  began 
the  applkntions  ot  the  gnlvaMic  current 

The  force  and  rapkiiiy  of  the  heart-beal?i  were  greatly  modified;  and  accompany- 
ing, or  rather  follawinc,  bya  week  or  ten  days,  this  sntM^idcucc  of  (he  violent  pMlpiti- 
tion,  there  wa^  a  very  noticeable  decrease  of  the  eKuphlhalinus.  A  dcL-rcft^  in  ihe 
SIM  of  the  thyroid  ivas  not  observed  until  sjOOIC  days  aficr,  ami  di-sapjJcareiJ  with  tnucfi 
[ess  rapidity  than  the  nlher  symptoms,  in  order  tu  hasten  the  cure,  we  very  care- 
fully perfonoecl  electrolysis  on  two  occasions,  and  with  evideat  hcncftt- 

At  the  date  of  writing,  Augu^  20,  i37g»  after  having  received  lifteen  upplicationi, 
the  pitietic  has,  so  far  as  reiates  (o  the  palpitAitoii  and  cxophthalmus  eticticvy 
recovered. 

The  goitre  has  decreased  in  size  fuliy  ivro-ihirds.  and  is  <^nite  hari  and  firm.  1 
change  which  i^  to  be  atlributed,  in  all  probahiUtyt  lu  a  hyi>crplaaia  of  ihe  giAnduLif 
tissue  ta.king  the  place  of  the  dilated  ve&scls. 

We  place  the  following  case  on  record,  not  only  because  of  the  bene- 
fit accniitig  from  treatment,  but  as  illustrariv<j  aUo  of  t^vo  rare  syunv 
toms  in  connection  with  Graves'  disease,  vi^^:  isl.  DilaEation  of  the 
pm^ils.  2d.  Swelling  aiul  pulsation  in  rhe  region  of  the  solar  plexus. 
We  are  not,  indeed*  aware  thiE  any  case  of  Oraves'  tltseasc,  in  which 
this  last  syniptoni  may  have  possibly  been  observed,  has  ever  before 
been  published. 

Accepting  the  theory  of  a  disturbance  of  the  syropathelic  as  a  cause 
of  this  affection,  it  is  not  remarkable  that  ils  lower,  as  well  as  its  upper 
ganglia,  should  be  the  scat  of  the  disease,  sufficient  to  caus«  a  dibta 
tion  of  the  vessels  branching  from  the  cooliac  axis,  analogous  lo  that 
observed  in  the  arteries  of  the  thyroid  gland.  In  considtTatton  of  the 
rarity  of  this  syniptom,  therefore,  it  Is  interesting  to  recall  ibe  fact,  that 
in  eight  autopsies  where  changes  were  observed  in  ibe  sym|)athetic  and 
ils  ganglia,  they  were  confined  lo  the  cervical  portion,  the  thoracic  and 
abdominal  sympathetic  being  entirely  healthy. 

In  this  case  there  must  necessarily  have  been  marked  disturbance  of 
the  lower  gangiiSj  but  the  complete  ami  permanent  disappearance  of 
the  gastric  swelling  would  seem  to  precltide  the  probability  of  the  exist 
ence  of  any  lesion. 


In  the  very  few  cases  of  exo[>hthalinic  goitre  in  which  dilatation  of 
the  pupils  has  been  obstrvedj  the  cause  is  sii]>posed  to  be  due  to  a 
"  paralysis  of  the  puinllary  branch  of  the  oculo  motor  nerve,  conbe- 
quent  on  neufo  paralytic  dilatation  of  the  vessels.  The  isolated  par- 
alysis of  this  branch  (rhe  other  fibres  of  ibc  nioior  oculi  reinaining  »n. 
affected)  is  referred  by  Stellwag  lo  the  fact  that  the  branches  destined 
for  the  jjupil  do  not  join  tlie  other  oculo-motor  fibres  until  alter  the 
latier  have  crossed  the  crura  cerebri,  and  that  they  have  been  proved 

10  originate  from  several  centres  of  various  fuQCtion." 

Exophthalmic  gmtrt^  with  ^.iaftrni persfiifatieH,  ^tt/d/'f  a/ ptipits^  tU. — R&pi4  and 
ditided  Jv/jV/,  Imt  not  a  perfect  re^wfry. 

Cask  CLXXVJ. — Mrs.  U  ^  jiEe\i  aboui  40,  came  to  for  the  relief  of  ui  ex- 
ophthalmic goitre,  May  3,  1876.  Tbt  eyes  were  much  protruded,  the  thyrpid  promi- 
nent, wid  the  cardiiic  palpitation  viulcnu  The  average  frequency  of  ih«  pulse  wts 
iiLraat  J 15,  but  on  various  acciLMan&  we  fuund  that  it  was  beating  at  rate  of  14a 
to  the  miDute.  The  patient  wii  annoyed  by  profuFe  bilateral  per*j)iratioti,  tht pupils 
vrtre  tniarged^  and  vertigo  was  a  frccjucnl  symptom.  The  apf^etite  was  generally 
good,  but  ^lie  compLiined  uf  much  nausea. 

She  referred  to  one  other  symptom,  which,  if  related  to  the  disesse  as  an  effect,  as 

11  would  ieeoi,  was  quiie  new  to  uv  Sulttcquent  to  the  development  of  the  three 
cardinal  symptoms,  which  occurrt:^  iu  the  fullowuiy  order — palpitatioa,  thyroid  eii- 
tarn^umentf  exophihalmus>,  a  swelling  ippcared  near  the  pit  uf  the  stomachy  uhtch  in 
sfic  and  vi^or  of  puliation  wo**  more  marked  than  the  goitre^  We  may  remark  that 
Dr.  S.  S.  Purple,  of  New  York,  bad  attended  the  patient  ia  several  confinement*^ 
and  was  cognizant  of  the  di&eaiic  in  question. 

Dr,  Purple  informed  u*  that  ihc  baJ  suffered  mttch  from  nialartal  poison^  to  which, 
together  with  the  effects  of  a  laljor  of  some  severity  bborlly  previnu%  migh^  posiibly 
be  attributed  the  symptoms  in  question.  The  first  signs  of  the  di*iCasc  were  manifeil 
some  three  years  before  she  came  under  our  ob^rvatiun. 

We  admini^ered  to  Ihts  patient  seventeen  appllLatiuns  ten  of  which  were  with  the 
Calvatiic  current^  locally  applied,  while  rfven  were  wiih  the  faradic  current,  and  wvcie 
more  general  in  their  nature.  Amelinration  fulloweii  very  quicltly^  and  at  this  date 
(l&So)  the  only  symptoms  of  the  di&GiSf  is  a  very  slight  swelling  of  the  thyroid,  aad» 
itl  a  modified  form,  a  tendency  to  occo&ional  cardiac  palpilatlon5h 

£xflphtAa/mif  goitre  asrociattd  with  ipiPtal  t'rri/afiifH — Apprpxtmatt  ritevtry  f^l^ 
ftmt  gtih-anizatu^H  and  gintrnl /aradit&tian. 

Case  CLXXVII,— Mrs,  E  ,  aged  31,  married,  and  the  mother  of  two  cfuldrcn, 

was  seen  with  Dr.  L  B.  Read.  She  Ar^t  observed  an  appreciable  increase  in  the 
rapidity  of  the  heart's  action  in  the  fall  of  iS?^.  Abput  the  same  lime,  or  Mon  after^ 
as  she  was  standing  hefore  ihe  mirror,  her  attention  was  called  to  an  Increased  ful> 
n^s  about  the  neck,  and,  upon  parsing  her  hand  over  the  part,  she  became  awure  of 
what  she  termed  a  bealin^  sensation  and  a  softer  feelitig.  These  symptoms  increaseil 
(omewhat  rapidly,  until  ihey  assumed  the  condition  presented  when  the  case  came  to 
us  in  OclobcTf  1^79*    -^^        ixmt  the  heart  was  beating  at  the  rate  of  120  to  135 
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p>cr  minute,  nnd  on  exerctse  or  un«1er  excitement  It  wenL  up  to  I  jo  per  miMiMe,  Tfct 
thyroiil  enWjgeineiii  wai^  marked^  though  not  eaorifiou^  while  Itie  cycn  were  tptiic 
protuberant  and  bloodshot, 

Arouiut  ilic  neck,  over  the  thyroid  gland,  (he  measurement  was  fifteca  iacftm 
The  ].')attent  wns  clilorotic^  liy^lerioal,  and  n«rvLius  to  last  decree,  Mid  it  w  mtk 
the  greatest  difhculty  tha:  she  could  be  induced  to  submit  tu  ilie  necOHftry  enmhw- 
tion  and  treatment.  The  spine  was  exceedingly  sensiLive  to  prvsuire  all  aJooc  ili 
cotiE>e,  aiid  especially  between  the  scapula:^  where  tirm  prcrssure  invanably  L^iUftl 
nausea ;  and  on  the  ocaiiion  of  lier  second  visit,  while  runiiin^  vxir  titigcr^  down  tbc 
back,  and  lintjeriiig  fur  a  moment  with  a  soniewljat  increauied  pre^ure  over  lite  more 
senMtive  portion,  she  iminciliately  but  quieily  rejected  her  breakfa&t,  whkli  had 
taken  an  hour  bcfoTc. 

Ii  Ls  to  be  remarked  that  these  eviden^f  of  splnol  trntati'in  and  «iineane  nervaa^ 
ness  bei:ame  niiartifesl  only  after  the  appvaranct:  of  sympttiim  i»dic:Ltui^  cAijphthalaic 
goitre.  The  only  cau«e  which  seemed  to  bear  auy  relation  lo  the  nn^et  the  JUOi* 
was  the  one  thcit  ha^  been  f,o  rre^uenlly  ubMrrved,  Vi^,,  vhddhirih.  A  shovt  Iknm  pet- 
yioiisly  she  had  sufTcre*!  (lom  a  long  anJ  tedious  conbneiiienl.  hul  her  recovrry  hai 
been  apparendy  quite  ^usfac[ory.  \Vc  siibmiited  her  lo  the  uimaX  nclbodft  of  gal- 
vani^ition  of  the  sympathetic  and  ceutral  gilvanrzatiun,  and  with  some  bmefil.  The 
Iteait's  action  became  sumewhat  more  icjfular  and  ie«  frcfjiient,  the  ^ti« 
a  little  in  alee,  and  the  ^pine  became  Jesii  sensitive, 

Improvement,  however,  ceased  at  (his  pi^int,  and  the  ca»  remaiiuiij;  stmHumatf  ft 
nearly  a  month  we  attemptcfd  general  Friradjzalii>n, 

Wc  have  on  several  occa-sjon^  pointed  out  the  fad  that  gtnerftl  faradisatton  t«  often 
most  efleclive  In  lowering  a  pul&c  that  i<:  rapids  ai  a  re^ultaui  of  nervous  excitenatBt, 
and  increasing  its  stnn^ih  as  well,  when  it  i$  both  rapid  and  weak  through  nrrron 
exhatisliori.  Thtsefliect  upon  the  pulse,  as  experience  %hows  and  a:^  eleciro  phv^ii^ogf 
teaches,  is  most  fic^ucntly  observed  in  exophtlialmic  |*i>itic  nfici  tlic  use  of  ihegli* 
vanic  curreiu, 

In  thi^case,  hovever,  after  goJvanizalion  had  ceased  to  Ije  effective,  geneml  (arm- 
dization  was  fotlowed  by  a  still  greater  diminution  in  the  frei^uency  of  llw  palic, 
decrease  in  the  thyroid,  and  lessened  sensibility  along  the  f^pine.    After  twenty  6 
ap|>lications  of  general  raradi/Ation,  administered  m  the  coursie  of  two  n>onJh«»  ll 
measurement  of  the  neck  had  decreased  by  two  inches,  leaving  a  very  slight  but  banS 
enlargement  in  place  of  the  larger  artd  softer  lumor  that  was  present  at  the  beginame 
of  treatment.    The  frequency  of  the  pul&e  decreased  to  about  85  per  ininuie,  an<l  was 
not  ])articularly  susceptible  to  sutlden  fluctuations  under  excitement  oc  cxerlMw, 
she  had  gained  immenfely  in  nervous  strength  atid  felf-CDtitroL 


note 
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ExopAtkaimie  gtfttrr  0/  two  year^  standing. — Trtatmtnf  resulU  in  hit  siigki 

Case  CLXXVIII.— Mi»  M  .  a^l  23,  waf^seen  with  Dr.  K.  a  Bddao,  OcC 

iS,  1879^    Menstruation  licg^an  at  the  a^  aC  seventeen,  l>at  was  scanty  and 
for  two  year<i,  after  which  for  awhile  it  appeared  normally.    At  the  age  of  tweiMy, 
menstruation  a^^in  became  irregular,  and  attendee)  also  with  cramps  and  conjoderable 
pain.    At  this  time  appeared  the  filial  evidences  nf  eitophthalmic  g<.iitrc^  and  wttcn  «t 
saw  her  two  year^  subaecjuentiiyj  the  three  cardinal  symptoms  of  the  dtscafte  wt 
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quite  pronounced,  although  moderate  in  degm  compared  to  Ihe  fortgoiiig.  The 
pufse  avfirageU  aUaiit  88  per  minute.  The  eyes  were  sliglitly  proiuberEmi^  while  ihe 
ticck  mpA-^iircEncnt  over  the  enlarged  gUiinI  was  hfteeii  inches.  Opportunity  w»s 
AffuideU  of  seeing  (his  patient  but  a  <:om|jaratively  short  lime,  but  in  the  few  aiipUca- 
lixins  that  wcrt  given,  the  circiimferenM  of  the  acck  over  the  gland  wiu  reduced  to 
foctrieen  und  onc-quaner  iindic£. 

The  pul^  bowevcf,  became  muMly  modlAetl,  decreuing  to  the  normal  standardp 
72  per  minute. 

As  ve  are  recording  this  case,  the  patient  a|;aia  colls  at  our  office.  U  b  now  five 
GaDfiths  since  the  treatment  wa5  discontinued.  And  the  putse  is  found  to  be  73,  the 
same  a«  recprJed  at  th4.l  time.  The  neck  measures  fourteen  and  &  half  inches,  !ihow- 
ing  a  slight  increase  durih^  the  intervnl,  aUhough  stnaller  by  one>balf  of  an  incb  than 
it  was  previous  to  ^ubmiltin^  to  ireatmenu 

An  inlere^tlttg,  lliuu^h  not  lemarkable  fact,  cuiinected  with  the  ca^,  ts  its  relation 
to  the  menstrual  futictinn.  At  the  age  of  twenty,  when  menstruaiiun  became  irregu- 
lar and  scanty,  the  dit^eo^e  be^^^an  to  manifest  itself.  Tveo  year;^  subaeiiucnlly  the 
diminution  in  tlie  goitre  and  decrease  in  llie  frequency  of  the  pulse  were  siniuKaneous 
with  a  more  regular  and  altttgclhcf  better  [ierformancc  of  men^lruatiqn.  After  the 
ces^tion  of  the  treatment  ^he  remaLiii^  belcer  untd  a  short  lime  befiue  lUh  Ja^t  vi^it 
tu  which  we  have  just  alluded,  when  there  Ava^  a  retention  of  the  menses,  folIoM  cd  by 
some  incrca?*  in  the  size  of  ihe  thyrniJ^  and  an  accelerated  action  i>f  the  heart. 
Through  the  udmini^^tralion  of  medicine,  mentstnialloti  was  esiabli.<'hed  in  about  a 
week,  resulting  in  a  modiAcation  of  the  symptoms  that  bad  been  excited, 

f^apAifJtaimU goitrt. — Puhe  ^xftedingty  rspid.—Eyts  tUghily protuhtritHi* —  Very 
titttf^  if  any  ^  ^tnejit  /oitmin  treatmeHt, 

Case  CLXXIX. — Mrs.  C— -  was  seen  with  Dr,  Frank  Wiimutb,  of  Orange, 
N,  J.,  Vov,  17,  1S79.  The  enlargement  of  the  thyroid  was  con^idoable,  but  the 
eyes  were  not  at  all  affected.  The  pul^  wa*  rapid,  beating  ordinarily  at  12$  per 
minute,  but  rvxchiog  t6o  when  under  excttemetit. 

When  asleep^  it  was  but  95^  The  patient  was  the  mother  of  two  cliildren,  and 
although  her  last  labor,  four  years  since,  was  somewhat  severe^  it  could  hardly  have 
entered  as  a  factor  tn  the  cau>atinn  of  the  di^iease,  since  the  Fir^t  evidences  of  cardiac 
disturliance  appeared  three  years  sub*&jucntly.  The  syinploms  were  coincident  with 
exhnuslion,  foUowini»  hard  work  at  bou^  cleanings  The  patient  submitteti  to  <on- 
ftiderablc  treatment^  hui  her  residence  was  at  such  a  distance  that  the  visits  were 
neccf^rily  rather  infre«]uent.  It  is  by  nu  means  clear  to  our  mind,  that  the  neces' 
sily  of  ridmg  so  far.  both  Ix^fore  and  after  each  visit,  did  not  interfere  sumcwhal  with 
the  eRicacy  of  the  treatment,  A(  all  events,  no  impre^ion  wa£  made  upon  the  dis- 
ease, other  than  some  slight  diminution  iu  the  rapidity  of  the  poise. 

Ejg0pkthatmk  goitrt  in  a  iady  aged  thirty^faur,  —fuUrtsHng  modiJS^hn  #/  iht 
ptilse-^eftii  i'y  galvattizaiion^ 

Case  CI.XXX. — Mi-vi  ,  aged  34,  came  to  us  frtiiti  I>r  Jnmes  Collatd,  of 

WcGtfield^  Mass.,  with  a  goitne  of  considerable  siie,  but  with  very  slight  protuhet^ 
once  of  the  eyes,    Pulse^  i[z,    Menilmation  was  normal,  but  the  patient  wu  vx* 
iremely  nervous  and  depressed.   Her  mother  bos  m  euorniotts  goitre,  which  bu  been 
40 
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rievclopiiiy  for  thirty  years.  Bolh  brother  auul  liiler  died  of  lasty  ronsomfKkm,  ml 
five  years  agi>  the  patient  licn.clf  liaJ  a  sligiu  bemortUi4;<.  The  put&c  wsa  iatmd  10 
iiiterinit  some  tigUl  tiriiiii  a  minute. 

We  'HLW  tiw  p3Ucnl  bui  three  weeks  when  slw  w*s  conipclleil  to  leave  the  dry, 
iIllvoiti*li  II  is  pruposeJ  to  continue  ihc  treatment  dscwlnirc, 

UtiJer  tlie  sliort  trcaiment  ibai  slic  received,  the  lubt  iu  UUerBtjiicfil  cbfttic- 
icr  and  l>ecaiiie  entirety  rcguUr.  At  the  dtne  time  the  fAticnt  was  rcodorcd  aedi 
le$s  nervous. 

AsiJe  from  this  hyt  Utile  was  accomplished.  The  case  is»  h'jwc*cr,  C9p«knAlly 
worthy  of  record,  b«raii«  of  the  very  inLercstiQg  tcmporaiy  rciuils  tiiaL  loUowcU 
various  applications. 

On  comitinij  the  pulse  <tnring  llie  first  gaivatuc  iippligation,  ou  iutenniiiMi  mm 
tletectetJ,  A  few  momenta  after  the  xcihuvqI  of  the  dcclrfKies,  il  intcrtuiltcd  U  Mat, 
eight  beais  to  the  iniiiute.  The  same  results  foJloweJ  a  second  application,  wkh  ihe 
exception  thai  after  the  removal  of  the  cleclrtKle*  the  pulse  began  to  inlermk  tot 
three  or  four  limei  a  minute,  am]  After  the  fuurth  appUtJliion  it  l«came  pi  i  liiMMClf 
rhylhmicaL  At  one  time  during  llw  Ireatuieot  ihc  pulse  fcU  to  &?  aiid  ao  niBMei 
for  some  time, 

Ex&phthttim»t  g9itrt  q/  five  dttraiioH—Jitfavtfy  utut^r  currrttU  */  /»iW- 

nhnt,  (liUt  Hiitdy  imr^ased  and  HimiHtfkfd. 

CA<ie  CLXXXI  —Miss  C.  H— ^,  29,  came  to  us  $eptetnl>er,  1S79,  with  ao 
eip«ciaILy  interc&ttiig  and  itHtmcttve  hiiitory,  tiince  \\  illustrates  how  vaiyiD|;  maj  be 
the  manife^latious  of  a  nervous  diAthesia. 

During  cbildbaaii  slic  haj  aufTtrcd  long  and  severely  from  St.  Vitus'  dancc;  wfakB 
did  not  entirely  diuppear  till  nieDslruatton  wa'>  e»ubli?>hcd  ftt  the  a|£e  of  fvtirioni. 
From  the  first  tim  function  was  petfornicil  irfey;ii(arly  and  painfully  utitH  |he  age  of 
eighteciij  when  it  suLltienly  ceuscilt  anti  for  several  years  she  was  afllictetJ  with  peri- 
Dtlicat  hy&terii:al  seizure^  together  with  a  more  or  Icis  coiiMant  jerking  of  Ihe  bead« 
with  a  hesitancy  of  uttera.nce  and  an  occasional  parlJal  loss  of  consciousiieM  thai 
simulated  Bitncki  0!  hy&tero-epilepsy.  Ac  the  age  of  iwenty-one  rncm^iruatiion  a|;ab 
appeared^  but  irre^ularlyp  and  at  the  same  lime  her  generftl  health  wmewhAl  In* 
proved.  Jn  time  her  courses  came  on  more  re^Urly  and  les^  painfully,  bat  at  ike 
d^of  Lwenty^fuur,  after  an  attack  ofmiLlariil  fever,  menstruation  failed  to  reappear. 

It  was  at  this  lime  that  she  began  10  be  anr»oyed  by  an  exce»ive  palpitation  of  tlM! 
heart  following  exertion^  and  very  soon  her  altenlion  was  called  (o  a  decided  enlarge- 
ment of  Ihe  thyroid.  This  entargement  graclitalTy  increa^ed^  and  when  wc  iaw  bef, 
about  a  year  suhsequcntly^  it  wai  very  large,  soft^  and  pulsating  The  measumnenl 
around  the  neck  over  the  tmnor  wa*  sixteen  and  one-quarter  inches. 

The  pulse  beat  at  the  rate  of  iic  per  minute — while  the  cKophthalcQU»  «raa  very 

After  the  patient  had  been  subjected  for  a  short  time  to  the  usual  uleTnoI  imf- 
ment  by  the  galvanic  current,  but  without  any  special  reference  in  its  direclioa  to  tbc 
menstrual  function,  the  courses  appeared  iitighily  for  a  day  and  then  ceased.  Ob  ex- 
amining the  pulse,  however*  it  was  found  that  it  had  decreased  in  frcsqaeacy  to  ao 
«^hat  les&  than  loo. 

The  some  method  waa  repeated  for  aome  tluee  weelci  longer^  when  we  had 
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pleftstm  of  Bfaowin^  the  case  to  Dr.  P.  IJ.  Porter.  Al  thi«  time  the  pulse  was 
about  9O1  4nd  the  tumor  had  decreased  but  About  an  inch.  The  exophihaimus  hod 
been  only  hli^jhtly  influenced, 

Dec'uUfig  to  c)^4ii|fe  the  method  of  treatmdnt,  we  placisd  one  electrode  (the  anode) 
directly  behind  the  angle  of  the  lower  jaw,  pressing  back  tlic  iitcniD*cleida  musdes, 
and  the  other  on  the  back  of  the  neck,  a  tittle  to  one  side  of  the  nixlh  <:crvical  verte- 
bra, Iii^ead,  now*  of  treatinjj  by  means  of  an  even  continuous  current,  wc  brought 
into  the  circuit  a  &tmpEe  water  rheoslut,  and  by  this  means,  somewhat  rapidly  but 
without  sEiut:k,  increassed  ajid  decreased  the  strength  of  t!ie  current  ihroiijyh  a  »ance 
of  not  mori;  than  two  or  three  minotcV  duration.  The  results  of  this  method  of 
treatment  were  soon  manifested  in  a  further  reduction  U'f  the  pulse,  and  a  gradunJ 
diminution  tn  the  icverity  of  the  otlier  symptoms,  until  after  some  twenty-five  of 
these  ipplication^:,  rtcovery  seemed  complete^  The  puisne  was  75;  the  ejxs  rc*-umcd 
their  tldtural  poalliun  and  ap|>earancc,  while  the  neck — altJiou^h  somewhat  fuller  (ban 
aqrmal — measured  but  thiiteeii  and  three  (juaiter  inches,  a  decrea.^  of  two  and  a 
half  inches. 

While  it  is  quite  evident  that  in  this  disease  the  sympathetic  is  at 
fauUf  it  \%  open  to  questioti  whether  the  dilatation  t^f  vessels,  which  are 
such  tmporUnt  factors  in  causing  the  thyroid  ctiUrgeinent  and  exoph- 
thahiiLis,  is  of  a  passive  nature,  due  to  paralysis  of  the  syitiimthetic,  or 
of  an  active  naiiire,  due,  on  the  contrary,  to  an  irritatioti  of  ihe  dilator 
fibres  which  run  in  the  synipadielic*  Accepting  either  theory,  we 
find  ample  ground  tipoti  which  to  base  indications  for  the  use  of  the 
galvanic  current.  In  case  we  accept  the  irritant  theory,  the  very 
powerful  sedative  eifects  which  may  be  obtained  from  the  remedy  is  a 
suDicient  explanation  of  the  ratwnaU  of  its  use  ;  while  the  fact  that  both 
physiological  investigation  and  clinical  experience  has  shown  that  elec- 
tricity is  the  remedy  par  ixceUence  for  nio&t  forms  of  paralj'sis,  quite 
clearly  points  to  its  use  in  cases  Where  there  is  actual  (jaresis  of  (he  nerve 
itself.  In  addition  lo  the  hyper^emia  of  vessels  as  a  cause  of  exoph- 
thalmus,  there  tiiay  be  also  accumulations  of  fat  in  the  cellular  tissues 
of  the  orbit,  which  is  probably  the  main  cause  iu  certain  cases  why  the 
protrusion  of  the  eyes  still  remain  prominent  after  a  decided  ameltorap 
tion  of  every  other  symptom, 

*  The  suggestion  that  the  arteiinl  dilatation  is  due  to  irritation  of  the  dilator 
fibres  is  oi!^red  by  Benedict,  based  upon  the  experiments  of  Bernard,  Schi^,  Ludwtg, 
and  Loven, 
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BSQUEL^  OF  ACUTE  DISEASES  (DIPHTHERIA— CERBBRO  SPIKAL  HEXn 

CITIS — TVruO-UAlJUtlAL  »£VER). 

Tme  sequela  of  several  acute  inflatiimatory  diseases,  and  e»j>ecttl!v 
of  dipluheria  niid  cerebro  &|>inal  nit?uin^tis,  are  of  well  known  sevcnn 
and  persistency.  It  is  generally  undcrsiood  also  Omt  electricity  in  wuk 
fomi  may  perhaps  be  indicted  in  such  condilions.  particularly  b 
di|>hthena,  and  its  U5e»  which  is  occasionally  attempted,  has  bcea  {al- 
lowed by  more  or  less  benefit.  Wc  are  r|uite  sure,  however,  ttial  the 
profession  al  lafije,  in  city  as  well  as  country,  has  a*  very  inadequate 
idea  of  the  vast  benefit  accruing  from  the  use  of  ibis  remedy  in  these 
cases.  Frctpicnt  inquiries  in  regard  to  experience  in  this  direction, 
and  the  lack  of  published  clinical  reports,  woutd  -seem  to  justify  ilti^ 
opinion^  and  su^^^est  the  propriety  of  detailiiiLj  a  fcivof  the  more  nnH|W 
and  interesting  histories  thai  wo  have  collected. 

Diphshtna. — Our  first  experience  in  the  treatment  of  the  seqdekj 
of  di[)htKeria  by  electricity  dates  back  some  ten  years,  when  we  tn 
calleil  by  Dr.  Jaiucs  Anderson  to  see  an  obstinate  case  of  paislyiis  <rf 
the  vocal  chords  and  the  laryngeal  muscles. 

The  symptoms  yielded  readily  to  treatment,  and  to  the  present  lime 
we  have  treated  twenty-four  cases  of  diphiheriiic  paralysis,  and  with 
the  exception  of  two,  which  discontintjed  treatment  abnost  as  soon  » 
begun,  the  re;sults  in  each  ^ere  too  striking  to  permit  of  any  doabt  as 
lo  the  efficacy  of  the  remedy. 

Of  the  twenty-two  remaining  cases,  many  of  which  were  of  greil 
persistency  and  severity,  nine  were  sent  to  us  at  different  ttines  lhroQ||^ 
the  kindness  oi  Drs.  Markov,  \fcLean,  Farringion,  and  the  Ute  Dr^ 
Peaslee  and  Gregory* 

Of  ihe  remaining  ihirteeUt  a  few  had  beeo  treated  cleciricftlly.  btil. 
as  a  rule,  with  little  regularity  or  intelligence,  while  several  odwn  fefl 
had  their  attention  called  to  electricity  as  a  remedy  for  their  condition 
by  laymen*  and  so  fell  into  our  hands.  One  of  the  must  inlcrciting 
and  instructive  cases  that  we  have  seen  occurred  in  ihc  |>cTson  of  » 
practicing  physician  of  this  city,  who  had  also  been  under  the  olwei- 
vation  of  Professor  Loomis^  Dr,  A,  N.  Brock  way,  and  several  others 
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The  doctor  has  kindly  written  out  ihe  details  of  his  own  case,  bubstan- 
tiaily  as  here  given. 

Cat^iac  di^cuity^  wirk  partUi  paralysitof  thr€i  m&nihs*  JtftHJhtg^  /olh^ing  dipf^ 
thtria.—kitpiH  mmitry  undfr  gerteral /tiradKutitm. 

CasrCLXXXII.  —Three  weeks  after  the  disappearance  of  ilir  diphtheritic;  patches, 
par&ly&i>«  of  the  pharyngeal  ajid  laryngeal  musclci  htgw.  lu  show  it^el(»  accompanied 
by  absolute  L«L>ssof  sensibility  of  the  velum  peniluhinL  palati.  In  con»>»:{ntncc,  the 
eS'ort  qF  swa-llowing  was  cxceeJini^l)'  difficulty  and  regurgitation  through  the  nare$ 
was  unavoidable  ih  the  act  of  drinking-  The  voice  was  altered^  becoming  weak  and 
coarser  in  toDe>    MuMcal  note:*  were  impo^ble. 

At  the  Mtiic  liine^  arnJ^  iiideed,  Cium  ibe  lentli  day  of  tlie  acute  attack,  cardUc 
difEculty,       indicated  by  a  very  ft^ebk,        alow  puL^,  avcra^ntig  siMy  per  minute. 

On  one  occasion,  three  weeks  after  the  soreness  tif  l!ie  iliroat  had  entirely  disap- 
peared, and  inimedlALcly  following  speciat  eKcrlion,  Ihc  pulse  i|uLck1y  roK  to  i6c^ 
and  as  siulilenly  fell  In  jz  per  minule,  rcfiUhiitg  in  nn  attack  of  an^^ina  pectot  ta  which 
persisted  for  nearly  three  hours.  Thi%  sudden  flirLliiiLtiDn  of  the  |i(il!>e  was  tnuiit 
alarming,  ami  caused  apprehcnsjoD  of  immedtute  di&sulntion.  For  over  an  hour  the 
pulse  remained  at  33,  when  it  graducLlty  tncreaxd  untii  it  reached  jS,  where  it  re- 
mained^ 

Four  weeks  after  convalescence  from  the  patches,  ciliary  paralyiis  appeared,  so  that 
painfut  faiiifiie  was  experienced  In  rearilng,  etc,  Viiion  corrected  by  -fjS  giasses 
s]]herica] ;  at  the  ^mt  time  the  fingers  became  aniYrsthctic,  with  tingling,  and  inabd- 
ity  lo  pick  up  smaU  objects^  or  to  button  clolhijig,  etc^ 

The  p.^rtial  paralysis  estendeti  lo  the  arms,  «nd  finally  Ihe  legs  were  sbnilarly  af- 
leclcd,  becoming  heavy,  cold,  and  painful  to  the  tone]].  Marked  inaction  of  ihe 
boweh  continued  throughout  the  case;  micturition  was  not  interfered  with,  but 
there  was  great  numbness  and  increased  sensibiiity  of  the  external  organs.  For  three 
mouths  ifiew;  i:ymploms  persiMcd  without  abatement,  and  were  invariably  mcreaapcd 
by  tlie  ^tightest  exercise. 

The  first  two  or  three  week^  of  general  faradiiaiinn  failed  to  produce  any  m.irkc<i 
change,  simply  giving  for  a  few  hour a  very  agreeable  seiihc  of  ie;t, 

This  was  attributeii  entirely  to  (he  fact  that  the  patient  exerted  hiniselT  loo  much 
to  receive  the  treatment,  a*  he  was  compelled  to  ride  several  miles  to  our  ofhce. 

As  soon  as  the  apparatus  was  trnnsfcrrefl  to  hi^i  own  hou!»t:  and  the  treatment  ad- 
ministered there,  improvement  began  immediately,  and  progrewed  with  great  rapid- 
ityi  so  that  by  (he  iijtteentlt  week  of  lUe  seqneljt  of  Ihe  disease,  all  paralysis, 
except,  perhaps^  the  cardiac,  had  disappenred.  Vision  became  entirety  normal 
before  the  anf&ithcsia  and  paralysis  of  the  timbs  had  difiappeared.  Disagreealilc 
Lwitchinga  of  the  muscles  of  the  thorax  and  abdomen  pnesistcd  for  several  month*^ 
and  slight  cardiac  feebleness  remained  for  some  fifteen  months.  The  prospect  that 
the  jiatient  could  again  engage  in  labor  wiiliin  any  reasonable  ]>eTiod  had  been  con» 
sidered  exceedingly  unfavorable.  A  vtry  few  weeks  of  treatment  by  general  faradi- 
saLLon,  rendered  him  easily  equal  tp  the  details  of  an  active  practice; 

Dr.  Dahleriip  describes  a  case  of  cardiac  paralj^sis  occurring  in  a  lad 
who  was  recovering  from  a  dipbtlierilic  attack. 
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The  action  of  the  heart  became  very  rapid,  but  irregtila.r  and  WVflu 
Dyspncea  was  present,  together  witli  cyaaosts  and  ortJiopncca,  but 
area  of  cardiac  duhiess  waa  not  increased.*    Some  iaii»ruveji)cn( 
lowed  the  administratiara  of  stuiiulaiUs  combined  with  digitalis,  but 
the  end  of  a  week  the  patient  coUapstd  and  died.    Althotigh  the  ca 
was  said  to  be  one  of  pro*^ressh'e  diphtheritic  iiaralysis  of  the  heart,  il 
is  not  difficult  to  believe  that  the  prompt  and  proper  use  of  eleccricitv 
might  possibly  have  saved  life. 

Ccribr&'Sptaai  Menhigiits. — ^The  symptoms  that  follow  an  altacl;  of 
cerebro-spinal  meningitis,  differ  very  widely  both  m  character  and 
gravity.  We  may  have  first,  incurable  organic  changes  resultiag  on  the 
one  hand  in  total  blindness  and  entire  loss  of  hearing,  and  on  the  other, 
in  a  condition  well  illustrated  by  the  following  case  which  wc  saw  foi 
Dr.  Roosa  some  ycirs  since. 

Fro^abte  organic  ehatiges /oUffVfitg  eere^rih^spiitAl  menittj^ith, — henefiu 
CaS£  CLXXXIir.— [a  [865  (be  p^tieHt  waa  ^Uacked  by  actiie  ccrtbro-spinal 
meningitis.  After  cotiviU?^tcncc  he  grailually  regained  a  ffttr  degree  of  pbyiicAl 
vigor,  but  was  left  with  a  permanent  impairment  of  certain  ph^v^  or  snnervatioii. 
In  canversalion  and  in  actioa  he  wiu^  perfectly  TaltQno],  and  \\vi  slee|v  was  oBiii^ 
turbedj  bm  during  hi*  Waking  hours  there  was  ever  present  a  sense  of  vacancy;  "  vast 
&tid formltss  "  ideets  troubled  him  ;  there  was  to  him  an  unreality  in  all  hU  aurroiind' 
ingi.  He  deM:ribed  (l  viibraling  nhock  which  WQUtd  at  inter^oU  seem  to  p&tf  thro^k 
hun,  [e^vinjj  an  impression  that  seenaeft  like  ^'  rtfrnjfr.''' 

The  left  pupi]  wa«  dilated  and  insusceptible  to  light  or  olbcr  initAtion.  TUr 
patient  received  benclit  from  do  form  of  treatment.  Time  ha^  failed  to  <id  aiiythtef 
fgr  him  ;  lu^diy  be  i\  much  the  sime  as  he  wa»  ^fteen  years  ago. 

The  pathological  changes  in  cases  such  as  the  above  cannot  o( 
course  be  positively  stated,  but  it  is  probable  that  they  are  analogotts 
to  what  have  been  observed  in  certain  cases  of  chronic  basilar  mcnitv 
gitis,  viz.i  cicatricial  changes,  together  with  induration  of  the  concecKlTC 

tissue. 

Another  train  of  symptoms  following  cerebro<spinal  meningitis* 
frequent  and,  fortunately,  far  more  amenable  to  treattDcnt,  haa 
sionally  fallen  under  our  observation.  The  syuipioms  in  all  were  quite 
uniform  in  character,  and  we  present  the  following  as  a  type  of  the 
rest. 

Aggravatt^  tympfomx  p/rsiUing  fifr  iw&  and  »ne-hc.lf  ytart  afUr  au  aOmtk  *f 

Cass  CLXXXIV.— On  May  20,  1672,  Mrs  A  ,  aged  42^  wai  proairmted  hf 

*  British  Medical  JouroaJ,  iSeptcmber  37,  1879. 
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All  Attack  of  cefLbro-spinal  meningitis.  I(  might  he  Interesting  to  detail  its  aciile 
course,  hut  for  our  purpose  it  will  suffice  lo  say  that  the  CftM;  was  exctptioiiAl  in  its 
duTaliun  and  severity.  For  sin  monlhs  she  was  confined  lo  her  bcJ,  sulTcrirg  from 
almost  every  coaceivable  symptom  a^tsucmted  with  this  clisea!>ti.  She  at  first 
under  homopnpathic  ircfttmcnl,  but  subsequently  came  under  the  care  of  Dr.  A.  S. 
Heath,  of  thts  city,  who  attended  her  up  to  the  time  our  advice  was  sought,  April 
to,  1875.  Two  yt;Ars  and  a  lialf  had  elap>«d  since  the  more  Hcut?  !ttage  of  the  dis- 
ease hod  subsided,  during  which  time  ^ht  had  subnUned  to  various  furms  of  ireai- 
ment  that  were  apparently  vti>Ai  and  jiidicious^  without  the  least  improvement,  and 
until  the  ordinary  mcllind?  seemed  exhati^ted.  She  was  able  to  be  about  her  house 
and  occat>iutialIy  went  out,  btit  ibe  sufTercd  without  cesMition  from  severe  paiii, 
which,  Isfijjioning  in  the  eyes,  wa-v  most  proiiouncc<i  over  tlie  back  oF  the  head  and 
neclc,  and  cxtcn*icd  to  the  hjwet  cervical  vertebrae.  The  painful  muscular  sttfTiiess  of 
the  neck,  from  which  she  had  suffered  so  tcrrihty  duiing  the  acute  attack  nearly  three 
years  previuusty,  had  never  left  her  and  was  a  constant  cause  of  dislres:^.  No  posture 
was  endurable  except  when  the  head  was  thrown  back^  while,  during  occasional 
paroxysms  of  more  than  ordinary  severity,  these  tnuscular  contractions  would  become 
convulsive.  The5«  iymptomii,  together  with  others  and  espcciaMy  with  a  chrunic 
irritation  of  the  intestinal  ifaei  from  the  mouth  10  the  onus,  ijica]>acitaicd  the 
patient  for  all  enjnymcut  and  the  ordinary  liuties  of  her  station.  For  the  symplonii 
more  dkectly  due  to  tlie  meningitis,  we  subrnttttd  the  patient  to  central  galvi^ni^a- 
lion  ;  AS  a  general  Ionic,  and  for  the  relief  of  lier  digrttivc  diRicultie^^  due  to  inles- 
tintl  ifritation  w(!  employed  gcnerat  faiftfljicilmn.  Up  to  June  25,  1875,  a  period 
of  ten  weeks  hfty  nppUcaliunA  were  adminl^tt^red.  Under  this  treatment  nlone  the 
patient  steadUf  improved,  and  when  she  left  the  city  for  the  summer  months  %hc  was, 
to  %  great  extent,  relieved  of  the  most  distressing  symptoms.  Upon  her  return 
treatment  was  resumed  until  complete  recovery.  We  say  complete  recovery.  This 
statement  ^houUt  perhap*;  be  modified.  At  this  date  she  feels  an  occ.iMonal  aching^ 
ftnd  a  dij^ht  drawing  ^^n&atioo  at  the  back  of  titc  head  after  much  fatigue,  but  in 
general  she  has  all  along  enjoyed  a  fair  degree  of  heaJth^ 

In  this  coTinectioti  we  may  be  permitted  to  call  attehlirin  to  the  fact, 
that  sudden  blows  and  shocks  i^iay  in  certain  castjs  result  in  obstinate 
circiihlory  derangeinetits  of  the  cerebro-spinal  tract,  associated  with 
syniptoms  analogous  to  those  following  cerebro  siiinal  meningitis. 

The  abov^e  statement  was  very  strikingly  ilhistraied  in  the  person  of 
a  lady  sent  to  us  a  few  years  since  by  Dr.  J.  Ellis  Blake, 

Case  CLXXXV.— Some  Ave  years  before  she  had  tatlen  upon  the  sacrum — the 
immediate  effects  of  which  were  severe  pain,  nausea,  nnl  slight  motor  paralysis  of  the 
CKlremiries,  Recovery  seemed  complete  in  a  few  weck«^  hut  shortly  after,  on  taking 
a  severe  tlie  same  symptoms  returned,  and  then,  wiili  the  sKccption  of  wme 

alight  traces,  gradually  disapjwarcd.  Two  years  before  we  saw  her  Rhe  feU  agnin, 
striking  on  the  hip  with  such  force  as  to  cause  an  agi;favBtir>n  of  all  the  Kymptoms 
before  experienced,  together  wilh  a  peculiar  ^icTvcrsion  of  vi'-ion,  AH  ttark  objects 
appeared  rtd^  and  it  was  !H>me  lime  before  Mght  became  natural  In  this  respect.  For 
a.  time  she  suffered  from  cjtceasive  hyper^tbesia,  which,  on  subsiding,  was  followed 
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oepfeoialgiA.    The  pain  wns  specially  localized  over  the  mastoid  processec,  badkof 
ifekead  and  neck,  wlih  rrc<iuciu  cxiendon  along  the  entire  length  of  the  spinal  Mf<i 
Tike  patient  carried  her  head  at  all  itmea  slightly  thrown  back,  antl  in  axtctt|xii| 
to  ihra«  it  forward  compUined,  as  do  patients  suJferin^  ftam  tlie  ^[uelie  of  i,etrt)fi»- 
spmaJ  iDcningiti^ 

ShesuHercd  much  from  iniomnia,  and  wasca^blc  of  btit  little  excnion.  Proa 
Jmt  tt  lo  Augost  I,  the  patient  was  subjected  to  central  galraniutiott,  re> 

cdimg  in  ihb  lime  thirty-seven  applicaii&ns.  which  to  a  gJtjai  dcjrcc  di««iptaeed  the 
■tore  promment  symptoms  from  winch  fi\ie  hftd  sulTcrel  fat  years.  In  the  iftriagol 
1S79  she  coikipUiticd  of  tnaiked  evidences  of  a  return  of  ihe  old  tyinptoauL  TW 
method  of  treatment  wi»  employed  as  b&fore,  roultiugp  in  la 
ia  complete  relief. 


Ty^h^-Maiariai  Fei*er. — When  we  come  to  considtrr  the  sequcb;  of 
eiiher  typhoid  or  malarial  fevers»  we  sli^ll  not,  as  a  rule,  nnd  the  «n>c 
gravity  or  diversity  of  symptoms  that  often  confront  us  subsequent  to 
tlie  Acute  stages  of  diphtheria  and  cerebro  spinal  meningitis. 

Convalescence  i^.  however,  occasionally  very  tedious  and  we  have 
recorded  not  a  few  such  cases  where  the  lontc  eflects  of  general  (ara- 
diiation,  in  hastening  returning  strength^  were  most  distinctly  roaffced 
The  symptoms  tha^l  followed  the  snbsidertce  of  the  fever,  in  the  case 
here  given,  were  not  only  serious  and  obstinate  in  character,  but  *o 
etitirclf  unique,  that  they  seem  lo  us  lo  Ue  well  worthy  of  record. 

Cask  CLXXXVF — Mr.  S  ,  aged  aj,  was  taken  ill  in  June.  1879,  by  an  acvcc 

astKk  of  dyseuery,  followed  by  (ypho-mabrial  fever.  In  six  weeks  the  fever  paued 
a«a7,  teAving  the  patient  ijuile  hclplcsv  With  returning  &trcn(*it)  he  ira«  able  to 
Iwelnibed  and  |^  into  the  country,  in  the  hope  that  there  the  convalescence  %K>aU 
be  adtc  nfid.  He  gained  very  Little  in  power  over  the  moycmcnu  of  ilie  limbs  od 
snd  when  w«  uw  him  the  following  September,  ihrough  the  kindnev  of  Iw 
l^iyiiAa.  Dr.  J.  0.  Farrington,  of  Harlem,  the  phenomena  preseoi  were  bvtfc 

It  w*y.  pethapa.  convey  a  fair  idea  of  the  general  appearancv,  to  sAy  tbai  tkc 
body  wu  thoroughly  MifF.    The  l^s  from  tJic  hip&  dovvn,  could  be  snored  ovlf 
JSfarfty.    The  irm^  could  "bz  ntlsed  from  the  sitdes  but  a  little  way.  Tbc  bead 
MCk  wffC  atlBO*t  luotic^nlc^^  upon  the  shoulders.    The  right  shoulder  could  fa< 
^•ed  d^it^  *P      down ;  the  left  not  at  all,    Deglmidon  was  m  mudi  impalrvi 
l^sattl  foad  could  not  be  taken  wilh  comfort  or  safety. 

^^gyy^iPKli  wasting  of  the  TTiu!>cuUr  tissue,  but  Ihi!  was  most  apparent  in  tbc 
-ii^  rti lb  -rtrti*  decreased  ^veral  inches  In  circumference,  and  in  the  posterior 
^^V^  ^  on  either  side,  where  the  trape£ius  niUM:leA  inimedialely  bd^ 

^^IMB^kll ^'^^  b^  ftirophied  to  aji  alarming  cxlenL   It  was  found,  on  wbttil- 

 ^^^^  1^ to  eloclfical  eJtaminatitm,  ihat  the  farado  mtiscular  cnnlractilsty 

^^^^  ^i^ifa^  Misde,  with  the  exception  of  the  aluUMninal,  was  very  (^reailj 
TWti^  tf»p<«'***°***"*^*^  slightly  to  a  powerful  cuncnt,  but  the  left 
^1  til  met  to  toy  *ti"*^^>   "^^^  itemo-dddu-au&toid  muiclea,  whki 
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we  normally  so  susceptible,  contracted  on]y  under  the  inAutncc  of  a  very  powerful 
current.  There  were  no  sensory  or  other  symptoiUK  jiresent  c^^pecially  suggestive  of 
lerious  central  dLse«e,  but  &  sirength  of  current  orJinadly  unenduTflble  could  he 
applied  to  the  biuk  gf  the  neck  witKuut  producing  any  sensaliun  whatever,  Lood- 
Ued  raradizaiiun  or  grdvoniu-tioa  Id  a  ca^e  svich  as  th'tiy  where  ajmo^t  every  muscle 
was  involved",  waulti  Jiave  been  tnunifcitly  imprngtkftble. 

'I'he  case  called  fur  an  ijiipres&ion  more  general  and  powerful  tlia.n  c*n  possiibly  be 
obt^iincJ  from  mere  lucdization  of  currems.  General  far.idiznibn  wcis  therefore 
ftltempied,  and  with  results  tlmt  coafirni  the&bundatit  teistiinony  that  huolrc^kdy  been 
given  d(  it»  remarkable  eUtcacy, 

The  aflected  m[i<><:les  developed  with  astonishing  rapidity.  De;^1utition  improved 
immefiiately,  and  soon  bucaine  natwraK  After  a  few  applicaiions  returning  sensi- 
bility ami  contractility  to  the  inAiience  of  the  current  became  rtianife'kt.  Imprave- 
meoi  rapidly  went  on  until  alt  atropliy  huvin^  disappeared,  and  the  head,  neck,  and 
Unibj  becoming  quite  fte*ihlc»  the  patient  was  able  to  resume  ftn  active  and  laborious 
mercanlilc  pasitloa. 

Although  the  differential  indicaiiDns  for  the  use  of  the  two  currents 
in  ihc  &equel;\;  of  the  diseases  umler  consideration  have  been  nm!e 
more  or  less  apparent  in  the  preccdtng  illListrati^^e  cases,  it  may  be  well 
to  concisely  fornnilate  them  as  follows  % 

ist.  For  Ihe  relief  of  the  various  paralytic  symptoms  that  follow 
tliphthoria,  wbelhLT  cardiac  or  of  the  voluntary  muscles,  the  faradic  cur- 
rent is  almost  aUays,  if  not  invariably  indicated^ 

ad.  The  galvanic  current  here  is  not  only  less  effective  than  the 
faradic,  but  is  frequently  useless,  and  occasionally  harinltil. 

3d.  While  localized  faradisation  may  prove  sufficient  in  cases  where 
the  symploms  are  mild  and  restricted  in  extent,  general  faradization 
should  be  tisecl  whore  the  pataly&is  is  more  general  and  constitutional 
symptoms  are  manifest, 

4lh,  In  the  treatment  of  the  sequelte  of  cerebro*spinal  meningitis 
the  galvanic  current^  and  generally  bv  the  method  of  central  gatvaniica- 
lion,  15  indicated. 

5th.  For  these  and  analogous  symptoms  relating  to  the  central  nerv- 
ous system,  the  /rue  constant  current,  or,  in  other  words,  of  so-called 
low  tension  and  increased  quantity,  are  preferable  to  the  ordinary  con- 
tinuous current  of  higher  tension. 

Sipi^ii^  0/ Sunstroke. — During  seasons  of  protracted  and  excessive 
heat,  such  as  have  been  notably  expeiienced  iluring  the  past  few  ssuni- 
mers,  a  very  large  mimber  of  persons,  especially  in  our  cities,  are  more 
or  less  injured^  either  by  the  general  depressing  induence  of  the  con- 
tinued high  temperature,  or  by  some  special  exposure,  without  being,  in 
the  ordinary  sense  of  the  word,  sunstruek.  Those  whose  nervous  system 
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has  been  exhausted  or  disordered  by  the  excessive  use  of  slimut 
and  narcoucs,  by  debilitating  diseases,  aud  esiJeclally  by  overli 
excitement  of  the  brain,  are  inosi  liable  to  be  thus  affected. 

Injuries  thus  produced  may  be  manifested  by  every  variety  cifncr 
vous  disorder— spinal  irritation,  insomnia,  neurastlieniat  neuralgiif  qn- 
lepsy,  nervous  dyspepsia,  hysteria,  paralysis,  and,  not  unlikcty,  posiliv? 
insanity. 

The  majority  of  such  cases  never  know  the  exciting  cause  of  their 
eymptoms  until,  perhaps,  it  is  indicated  to  them  by  the  physician  iHsii 
inquires  into  them.  In  a  number  of  cases  that  Imve  been  under  our 
care  for  the  above  symptoms  the  solar  heat  was  a  prominent  if  not  t 
principal  cause. 

The  symptoms  may  appear  and  reaj>pear  for  months  and  yeaw  afw 
the  original  attack.  There  is  little  doubt  that  (here  are  through  society 
thousnnds  of  such  cases  of  various  grades,  many  of  whom  have  ncvtr 
susiiected  the  nature  of  their  maLtdy.  The  solar  origin  of  the  STrap- 
toms  which  we  have  mentioned  may  be  suspected  not  only  when,  asii 
very  frequently  the  case^  they  can  be  traced  to  some  definite  expowiTt 
but  abo  whun  they  are  observed  to  be  [leculiar  to  (he  summet,  remit- 
ting wholly  or  partially  in  winter,  or  to  be  especially  aggravated  by 
exposure  to  the  sun,  and  Lo  be  experienced  only  during  the  daytime. 

Our  best  results  with  electricity  have  been  obtained  in  the^c  caw* 
by  a  combination  of  the  two  methods  of  electrization,  general  fandli*- 
tion  and  central  galvanization,  varied  in  some  cases  by  galvaniiation 
of  tlie  pneumo^astric  and  cervical  svmpathetic.  Excepting  those  cases 
which,  by  sonie  pectdiarity  of  temperament,  or  as  a  peculiar  result  £»( 
the  disease,  cannot  bear  electricity,  the  L'lecirical  treatment  works  Atl 
mirably,  whether  used  alone  or  in  connection  with  internal  medicatiun. 
Arsenic  vva  give  in  the  form  of  granules,  ^  grain  eath.  bcforf 

meab.  We  use  also  zinc  in  the  form  of  oxide  or  phosphide,  and  fit 
ill  the  form  of  cod-Uver  oil  emulsion. 

Pifrf/a/  paraiysh—Physient  and  nunial  4(pristioH—The  stqHtl^  «f  ntntlrAt— 

fiiipiti  r^CQvtry  under  general f<iradi%aiion  and  etntrut  gahfAHiMOti^m. 

Case  CLXXXVII,— Mr,  W,,  tL%tA  55.  cnn-iiilierl  m  in  the  atilumn  of  1871  Tm. 
I^atient  wa*  coniiecieU  with  one  of  the  proimfiien;  firm*  for  the  mmufactnnng  ofafi* 
la  this  city ;  anil  wltilg  in  a  wesicrn  city,  endeavoring  lo  negntiale  cerlatM  loirs  he 
was  suddenly  overtnken  with  faintnesf:,  profoatid  verti*n,  ami  fllmon  complete  unctw- 
sciousncsv  This  attack  occurred  on  an  opprcssi^'c  July  dny,  some  four  monlh«  prinf 
to  hia  visit  to  d.%  and  ever  Rince  He  had  hecn  in  an  eKceedm^!}*  nervous  excil&tile  nm> 
dition.  Any  cgnstderable  CKercii^e  in  watktng  was  innnably  followed  by  unuMi 
fftligue,  and  he  was  not  only  incupacitated  from  engaging  in  uny  business  enterprise^ 
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iMt  an  attempt  to  read  even  the  morning  paper  resulted  in  mental  disqnietude  and 
real  exliaustion.  There  was  a  decided  loss  of  power  in  both  lower  extremities,  asso- 
ciated with  a  considerable  degree  of  anaesthesia.  We  submitted  himf  on  several 
diBferent  occasions,  and  at  intervals  of  a  day,  to  general  faradization,  with  the  effect 
of  improving  greatly  his  motor  power  and  of  dissi[»ling  all  numbness.  After  a  time 
central  galvanization  was  alternated  with  the  aliove  treatment,  and  in  the  course  of 
six  weeks  the  patient  had  so  far  improved  in  his  other  symptoms  as  to  be  fully  able  to 
again  engage  actively  in  business. 

In  the  following  case  the  peculiar  susceptibility  to  stimuli  caused  by 
sunstroke  was  strikingly  illustrated : 

Case  CLXXXVIII. — Mr.  W.,  a  gentleman  abont  35  years  of  age,  was  referred 
to  ns,  October  16,  1S72,  by  Dr.  A,  B.  Ball.  While  ascending  a  mountain  during  his 
wmmer  vacation,  be  was  overcome  by  the  excessive  heat,  lie  was  not  unconscious, 
and  after  a  short  rest  he  resumed  his  walk.    The  thermometer  at  the  time  was  about 

The  attack  left  him  with  a  feeling  of  sensitiveness  in  the  head,  which,  instead  of 
diminbhing,  had  increased  until  the  time  that  he  called  upon  us.  During  several 
weeks,  at  intervals  of  a  few  da3rs,  he  had  several  attacks  of  loss  of  motor  power. 

A  prominent  feature  of  his  case  was  hts  exceeding  susceptibility  to  stimuli.  A  tea- 
spoonful  of  wine  or  a  whiff  of  a  cigar  caused  him  to  feel  wretchedly. 

We  found  htm  on  trial  similarly  sensitive  to  electricity.  Mild  faradization  or  gal- 
▼auization  caused  a  heightening  of  the  evil  symptoms,  and  the  electrical  treatment 
was  abandoned.  Subsequently  the  patient  was  rapidly  benefited  by  a  short  trip  to 
the  seaside.  The  first  breath  of  the  ocean  air  seemed  to  act  on  him  with  the  forco 
9f  a  specific 
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Ittfermittmi  FfVit, — According  to  Tripier*  the  electric  bath 
statical  electricity  have  been  used  in  certain  cases  of  iiUt^riuitccnc  fever* 
both  in  England  and  Sweden,  and  occasionally  with  satisfactory  resulu. 
The  efficacy  of  the  preparation  of  quinine  in  maluria)  disciise  tm. 
however,  destroyed  most  of  the  ir^terest  tiial  might  otherwise  Uave  U- 
tached  to  electricity  in  tts  therapeutic  relation  lo  fevers. 

In  certain  chronic  conditions  of  inieriiittlei*i  lever,  where  quin 
and  other  ititenml  medication  have  proved  unavading  as  a  lueoo^ 
periuanent  relief,  we  have  seen  utidoLibted  benefii  arise  from  gcnerAi 
faradization.    It  undoiibletlly  acts  in  this  case  like  any  oilier  stimu 
ing  tonic  without  any  special  influence  on  the  malarial  poison. 

IntcrmitiCMt fever — Temporary  reiief frpm  guinine^Rtcmery  uttdfr  ^tntrml /arw^ 

Case  CLXXXVnia.— Rcv<  Mr,  L.  applied  to  us  for  IrfeRtment  in  October. 
HU  general  app&arane:«  pre<»nted  all  [he  mArked  characteristics  or  maUriiklinlloac*, 
while  he  cam pb'niei]  gf  ol)<;tin3.te  coni^upacion,  \n*,*t  of  appetite.  a4id  a  con»W)enUB 
de^^ee  of  insomnia.  One  year  previrtusly  he  wa*  proi^tratcd  by  an  otiaok  of 
mict  fever,  but  soon  recovereJ  usual  licaldi  under  the  mRueoce  of  quinine.  lat 
foUnwIng  July  he  suffered  another  and  more  severe  alUrk  of  the  tCTtUn,  which 
changed  into  ihe  «^uutidian  type  of  the  disease.  Daring  the  fir^t  ten  (lays  of  tin 
Bc«  he  look  too  gn.  of  quinine,  but  wUh  little  api>arent  hcne5t.  Stdl  further  r 
mcnt  bjf  <imiune  interrupted  the  seventy  and  rcgiibnty  of  the  parfntysms,  Imt  Hy 
means  effected  a  cure.  For  some  lime  Vwrfnre  lie  fell  iimlcr  our  ob^ervniion  lOrt. 
1S67).  he  suffareJ  every  few  day>>  from  whiti^  commonly  termed  "litimha;^"  W# 
immediately  resorted  tn  the  mnsl  ihorough  form  ol  treatment  hy  Rcncml  electnnlice 
with  the  fara^Uc  current.  was  remarkably  ?iU5L-eplible  to  influence,  «ml  ««» 
the  region  of  the  stomach  and  liver  especially  only  a  very  slight  current  could  to 
borne. 

This  treatment  was  repeated  every  other  day  for  two  weeks,  Hi*  boweU  •oM 
became  regular,  his  appetite  improved,  md  after  the  third  appllcarion  the  ftttadi 
ceased  altogether.  For  several  monihs  at  lea-ii,  after  the  cessation  of  irratmeni  hi 
cotitlnu'-'d  free  from  any  indications  of  returning  symptoms  Sub^e^Qctltly  he  paaied 
from  under  our  obBervation. 

*  Manuel  d'Electrotberapic,  etc,  iS6l»  p.  SSt* 
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A  second  and  third  case,  in  wUicI*  the  iynjijtonis  were  less  severct 
but  fully  as  persistent,  yielded  promjKlyand  cutuplcCcly  to  the  same 
method  of  treatment. 

InttrmiiUni  fruer  assocmted  •with  anfzithfSfa^  irtscmniti^  and  great  dehility — Ap- 
proximate recffnery  in  two  *Wf6j  ity  gentrai JantdiunioH. 

Case  CLXXXVdIA* — Mms  C.  S,,  agctl  23,  waii  placcJ  under  our  care  by  Dr, 
G«o.  Stcinert»  of  HarJem, 

Tlie  p4ti«jn  iiaJ  all  her  liFe  bec»  somewhat  feeble  in  health,  but  at  thU  timep  and 
for  a  inuiitU  previously,  had  suETcTeti  from  a  very  decided  impairiqcnt  in  her  gen- 
eral fjundihon 

Every  afiernoon  at  4  o'clock  she  experUnced  a  very  decided  sen&e  of  cliiUiaes.v  fol- 
lower! hy  a  fever  which  lasted  until  5  o*clock,  ihc  followiiig  mortiing.  Tlie  hands 
were  al  all  Iioufs  exceedingly  liemuloua,  and  at  ntghl  espectally  her  fingers  became 
quite  anasthclic,  Her  sircnglh  was  so  far  exhaustetl  that  slie  could  walk  but  11  few 
blocks  without  great  fatigue.  Nut^vithstinding  thc&e  unfAVorablc  syinploitu  her 
bowels  conlinued  regular        her  appelUe  ^od. 

She  sufTercd  much,  however,  from  in^mnt;a»  and  wa$  rarely  able  to  sleep  before  a 

A. 

A  single  general  application  of  ihc  farwlic  current  rcsuUed  tn  marked  relief  of  the 
condilipn  aF  trcmblint;  and  numbness.  Iler  sleep  rapidly  improved  ;  the  periodical 
chiU  and  fever  bscame  less  and  less  marked,  and  wion  disappeared  -,  lief  slretlgth  de- 
cidedly increased,  and  seven  apfjUcationa  given  during  two  weeks  resulied  in  an  ap- 
proximate recovery' 

Disfasf  0/  the  Suj^rarenal  Capsules  (AMson's  Discasf),—0\\x 
knowledge  of  the  pathology  of  Addison's  Disease  is  very  incomplete. 
Ill  a  l.irge  proportion  of  cases  the  bronzing  o\  the  skin  and  the  pecu- 
liar cachectic  condition  of  the  affection  are  preceded  by  organic  lesion 
of  the  supra-renal  capsules. 

Cases  are  not  wanting,  however,  in  which  fast  mortem  examinations 
have  revealed  no  anatomical  lesion  of  the  cai>sules,  nc»twilhstanding 
the  previous  existence  of  the  most  marked  and  severe  characteristics 
of  Addison's  disease. 

Dr*  Wilkes  states.  That  after  some  years'  attentioti  to  the  subject, 
1  repeat,  with  mtich  confidence,  that  the  disease  of  the  capsules  in 
Morbus  Addisonii  is  tmiform  and  peculiar.  In  all  the  examples  which 
we  have  now  in  our  museum,  amountirig  to  thirty-three,  the  disease  ts 
of  the  same  nature  in  all."  f 

Of  one  hundred  and  ninety  six  cases  reported  by  Dr.  Greenhow,  the 

•  Guy's  HQspital  Reports.  Vol.  xi.,  1S65.  Quoted  from  Aitken't  Practice  ol 
Medicine.    Vol,  11. ^  p.  113. 
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supra  renal  capsules  were  found  to  have  undergone  the  chitrftcteriilk 

morbid  change  in  one  himtlred  ^Lnd  twenty-seven.* 

In  considt;ration,  tbercforei  of  these  facts,  it  is  extremely  [Jrohahie 
that  certain  organic  changes  in  the  capsule  of  the  kidney,  and  the  pea> 
liar  symiHoms  of  the  disease  under  consideralion,  are  directly  related  Ig 
each  other  as  cause  and  effect.  If  the  aflfection  be  recognued  before 
the  bronzing  of  the  skin  has  taken  ;jlace,  it  may  possibly  be  arrested. 

Unforruoately,  however,  it  ig,  as  a  rule,  impossible  to  diagnose  di< 
disease  before  llie  tiiscoloration  of  the  skin  commences,  when  it  if 
generally  acknowledged  to  be  incurable. 

In  regard  TO  this  bronzed  discoloration  of  the  skin,  micf09C0|ncaI 
examinations  by  Dalton  and  others,  have  demonstrated  that  it  is  dac 
lo  pigmentary  graiiuk-s  in  the  rete  mucosiirai  similar  to  those  in  the 
skin  of  the  ni^gro. 

We  give  the  following  details  of  the  remarkable  effects  of  electricitf 
in  a  case  of  Adthson's  disease  exactly  as  they  appeared  in  the  first 
edition  of  this  work.  After  the  patient  had  approxnnatcly  recovered 
his  strength,  hi^  was  presented  before  the  New  York  Medical  Axu\ 
f  Jbrary  Associarion^  by  Dr.  Rockwell,  as  an  illustration^  not  as  a  ntre, 
of  a  case  of  disease  of  the  supra-renal  capsules,  but  as  one  of  the  very 
best  illustrations  of  the  extraordinari'^  tonic  powers  of  general  faradi/atioa. 

Most  of  those  present  acknowledged  the  amelioration  of  the  man's 
symptoms  to  be  the  result  of  the  treatment,  but  dovtbtcd  whether  there 
was  or  had  been  disease  of  the  capsnles.  For  two  years  afierw^ards  tlic 
patient  lived  and  enjoyed  during  the  time  all  ihe  vigor  that  had  resulted 
from  the  nse  of  electricity.  Suddenly,  and  without  appireni  cause,  hii 
strengdi  failed  him,  and  within  twenty-four  hours  he  died,  A  post- 
mortem was  obtained  which  substantiated  the  original  diagnosis*  The 
capsule  of  one  kidney  had  entirety  disappeared^  leaving  in  its  stead 
some  calcareous  remains.  The  other  capsule  was  situated  on  the  itv- 
ternal  border  of  the  kidney  a  little  below  its  normal  sertt»  and  was  com- 
posed of  a  chee^iy4ike  substance — characteristic  of  (he  disease. 

The  specimen  was  presented  by  Dr  Rockwell  before  the  membcrf 
of  the  New  York  Pathological  Society. 

Dismast  efihi  sttJ*t  ti-riHai  drpmi^s — Dark  tksff — DejUdtnt  setrtthm — I^armlynt  ff 
the  k/ifirm — Loss  0/ sr.ttia/ j^ivr —  I'^rygr  faf  uttf-t  ovtutttit  unJer  gemrrmtfmt* 
aditation — Sttghi  fitrlher  impro^emetit  umler  ^tth'attiinti&n  »/  tUf  sym/sttkriie^ 
CiVSE  CLXXXIX  — The  pnhcnt,  a  man  agetl  45,  wa*  rcferrcel  lo  us  by  Dr.  H, 
H.  GrL-'^riry,  of  Itnrlem.  anl  ilie  rlingnosis  ofiU'^ii^c  of  I  he  Mi^ira-^rmftl  cajmdai 
con  filmed  hy  Pi'ot  Aii'iiin  Fiinl. 

•Clymer  in  AUkcnN  Practice  H"  Medicine.    Vol.  ii.»  p.  iia 
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Until  Kovemljer*  1S67,  the  paii«it  enjoyed  perfiect  heaUh. 

Aboui  this  lime  he  \*t'^m\  lo  ebserve  slight  syinpCoin&  of  exhaustion,  Suon  hu 
ftppciitc  fftilcd  him.  He  became  aLndemic,  and  suffered  [rom  ejccc&stvc  rfltiguenJier  the 
ilightest  cxet[iun. 

He  confined  lo  hi%  bed  during  the  month  of  January,  when  he  first  observed 
fiame^Hgiil  di^cotoration  of  his  face  and  hands. 

During  the  succeeding  month:^  Mniil  Aagust,  1868*  his  general  health  set:med  IC 
improve  somewlmi,  so  th^t  he  wmeiuibLed  to  engage  m  mcHlerale  labor.  At  thii 
lime  he  suddenly  rcLi,p:iei.l  into  a  state  of  utter  exliau&tioa>  His  skin  became  sevcri] 
ibidcs  dsukcr,  mid  his.  gtnera,!  appearance  was  Lbat  of  an  ordinary  iRulatto. 

Hi*  bowels  I«cajne  (Hstre^sinijly  consli[>ated.  Sleep  was  fitful  and  imrefre&bing 
His  muuth  and  tliroAt  were  excessively  dry  and  parched;  indeed,  the  function  of  the 
fiecretury  organs  generally  wa^  miirkeiity  impaired. 

The  skill  m  as  cjirivelled  and  dry.  The  finger-Doiis  were  brittle,  breaking  dji  tlie  ap* 
plication  of  a  very  slight  furt:e.  The  left  arm  was  stiff  aiid  alm^jist  ]Mivirerlesa.  It 
could  not  be  bent  beyoud  a  ri^ilit  angle,  nor  lifted!  more  than  a  few  inches  [mm  ii« 
side.    Lastly,  the  sexual  power  and  desire  were  entirely  lost. 

All  of  tbe^  symptomFi  |>ersLsttMJ,  with  but  &ll^ht  variaiign,  notwilhstanding  an  uii* 
iiUerrupled  tonic  trcaimcnt,  until  Junc^  [S69,  when  llie  case  fell  timlcr  our  observa- 
tion.. As  the  mo^  prominent  aiid  distressing  symptom  of  which  (He  patient  com- 
plauied  wM  the  excessive  debility  that  unfitted  him  for  the  s];ighte<tt  citertioit,  the 
results  of  trejttmciit  bygenern.!  electrization  dlustiate  more  forcibly  th{ui  in  mo'^t  ('I  her 
inslaaces  its  remarkable  constituLtotial  tonic  power^  A  general  application  of  the 
raradic  current  revealed  not  only  a  jjrofound  anx^thetic  conditiun  uf  the  wJiute  bodyj 
but  also  an  tinusual  gmera!  impairment  of  the  electro^ muscular  conlracliliCy.  liy 
plicuig  the  negative  electrwle  at  the  pit  of  the  stomach,  and  the  positive  on  tjie 
neck,  a  Utile  ftbove  the  Kcvenih  cervical  vcrteWo,  distressing  nausea  wai  mvariably 
produced. 

The  patient  began  to  amend  from  the  Frst  day  of  treatment,  and,  after  havttig  re- 
ceived thirty  general  applications  of  the  farodic  current,  his  condition  at  that  date 
may  be  thus  summed  up; 

tit,  He  had  \on^  been  con^pletely  cured  of  hi&  constipation. 

ad.  Sleep  was  perfectly  sound  md  refreshing. 

3d.  The  dry  and  parchetl  condition  of  his  mouth  and  throat  was  entirely  relieved, 
and  all  the  lecrctlons  of  the  body  bad  increa»d  in  quantity  and  quality^ 
4lh,  His  finger-naiU  were  restored  to  their  usual  elasticity. 

Stii.  He  had  approximately  recovered  the  use  of  his  arm.  This  improvement  woj 
ootanirot  after  the  third  applicition. 

6th.  The  sexual  organs  had  been  very  decidedly  Klrengthencd. 

7Lh.  Abuve  all,  his  strength  and  power  of  endurance  had  progressed  with  the 
thovc  changes.  At  first  he  wa^  barely  able  to  craiwl  a  single  bkick  ;  he  could  afier* 
ivardt  walk  a  couple  of  miles  without  ^ufFcrlug  unpleasant  fatigue^  and  could  readily 
ngage  in  any  light  labor. 

Sth,  In  regard  to  the  bronzlrig  of  the  skin,  the  change  was  itot»  w  yet»  very  marked. 
The  discoloration  seemed  to  be  a  shade  lighter,  and  had  Ncnsibly  receded  00  the 
ndes  of  the  (lager^  and  hands. 

We  hMve  referred  to  the  nausea  cjicited  by  the  electric  ctirrenL  Ir. 
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view  of  certain  iheones  that  have  been  advanced  concerning  AJJisoB^i 
disease^  this  fact  is  of  considerable  interesL 

The  semi-lunar  ganglion  and  solar  plexus,  and  also  the  poeinno 
gastric  and  phrenic  nerves,  supply  nervous  fiianients  lo  the  capsules. 

In  considcradon  of  this  fact»  Dr»  Habershon  and  others  axe  of  rbe 
**  opinion  that  the  tr\orv  fully  the  disease  is  known  the  more  completely 
will  it  be  traced  to  the  sympatliedc  nerve."  The  unusual  action  of  crea 
a  ui^ld  current  on  that  nerve,  in  producing  nausea^  tends  to  stren^tba 
thig  conclusion. 

This  annoying  symptom  tepidly  becanie  less  marked  as  the  p&Qeoi 
gained  strength  under  the  intluence  of  electrization,  and  a  most 
ful  current  could  soon  be  applied  without  causing  inconvcnicace- 

The  patient  was  stibsequentty  treated  by  galvanisation  of  the 
thetic,  with  some  further,  though  not  marked,  improvement. 

Very  little  scienlific  attention  has  been  given  to  the  elccti 
peutics  of  diseases  of  the  kidneys,  although  the  organs  arc  sul 
accessible  to  electrijiation.    Most  of  the  recognized  chroiitc  diseases  of 
the  kidneys  are  of  so  grave  a  character  that  they  have  offered  but  little 
encouragement  for  electrical  experimentation. 

It  is  impossible  to  pass  an  electric  current  through  the  body  in  the 
region  of  the  kidneys  without  directly  afiecting  these  organs,  as  is  detf 
from  what  is  known  of  the  conductibility  of  the  tissues,  and  also  htm 
clinical  observation.  In  many  instances  patients  have  called  our  altera- 
tion to  the  fact  that  after  general  faradisation  the  secretion  of  urine  wai 
much  increased. 

Comfliit  mp^emm  ef  wine  f&r  six  dayi^  ftfUevitiHg  an  eiiack  ef  gr^vti—  Tkrm 
applUathm  of  gtniral  faradt^ti^n  it  /otia^ittd  copious  ^fivm,  amcmmli^ 

m  tightem  hours  to  ^tr  ftvelv^  fuarH. 


Ca.sk  C)CC.— Mr.  S.,  aged  about  $0p  and  weighing  some  ftSolbo.,  hid  fori 
years  suffered  more  or  Icq  from  gravct  In  time  ptuoKysmal  attacks  the  arise 
often  become  campJelely  suppressed,  but  by  a  warm  bath  aod  warm  drink  ihe  fane* 
tiotiiil  activity  of  iht  kidney  invftriably  returned  In  a  short  time.  On  one  Occuion,  hem* 
«ver,  after  an  attack  of  unusual  Kverity,  these  ordinary  remedies  compleidy  failed  le 
iS'CStabluth  the  excretion  of  urine.  Dr,  li.  II.  Grc^ry  tva^immcdiAtely  cdJed,  ad,a 
cvnjunctioii  with  Dr.  W,  H*  Draper,  vainly  endeavored  by  every  means  ml  coi 
to  relieve  the  sufTering  pa.tient.  At  tfac  end  of  the  sixth  day  but  about  thirty  drop* 
a  thick  and  bl>o<xIy  fluid  had  been  passed,  and  Dr.  Gr^^ry  requested  us  (o  uic 
Iridty,  The  palienl  was  at  ihls  time  conpletdy  prostrated  and  very  drowsy,  but 
odor  of  urea  conld  be  detected  in  the  breath.  We  decided  to  submit  the  patient 
general  faradizatian,  and  on  S^Llurday  cveningp  the  sixth  day  of  the  suppr^ssjon, 
a  preliminary  attempt.  There  was  4o  much  adipose  tissue  to  overconte,  fend  ib« 
of  the  p«Hent  wag  so  exceedin^^ly  seasitivE,  that  it  wu  very  difHeult  to  carrv  oa( 
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proposed  treattnent  effectuaity.  On  Sunday  moraing  a  second  applicaiion,  with  tti  in- 
creu<tl  strength  of  currenlp  was  given,  and  o^am  on  Sunday  evening  at  lo^i'clock  the 
ircatmenC  was  eiSAycJ  h  third  time.  Two  hours  subsequently  tbe  patient  felt  a  de- 
itte  to  urinate  and  succeeded  in  pa^D^  an  ouncc>  In  a  few  minutes  the  desire  tn 
urinate  returoed,  when  almost  without  cessation  he  passed  an  ordinary  tvbed  chambet 
fulif  and  up  to  ax  o'clock  the  same  day  twelve  quarts  were  voided.  From  ttus  time 
fof  tJti  the  kidneys  cooiinacd  active,  and  the  patient  recovered. 

An  instructive  feature  in  this  unique  and  interesting  case  lies  in  the 
fact  that,  notwithstanding  a  complete  suppression  for  i68  hours,  the 
symptoms  of  uraeniic  poisun  were  by  no  means  so  decided  as  inighl  be 
expected.  This  anitilioration  can  without  doubt  be  fairly  attributed  to  the 
skilful  management  of  the  attenf^ing  physician,  especially  in  the  matter 
of  hot-air  bathi^,  by  which  the  excretory  function  of  the  skin  was  kept  in 
a  constant  slate  of  activity. 

In  relation  to  the  credit  due  to  electricity  for  the  successful  issue  of 
this  desperate  case,  wiiether  the  symptotns  were  self-limited,  or  whethei 
the  trcaCuieut  by  the  hot-air  baths  aud  internal  medication  would  alone 
and  in  good  time  have  brought  about  the  desired  result,  it  is  impossible 
positively  to  decide.  On  the  principle  of  past  hoe  tt,  etc.,  it  would  cer- 
tainly seeni  as  if  faradisation  should  be  regarded  as  the  important  thera- 
peutic factor  employed,  especially  as  its  [lower  to  increase  the  urinary 
secretian,  both  in  the  healthy  and  diseased  condition  of  the  kidney,  is 
clearly  taught  by  experience. 

Diabetes. — The  supposed  relation  of  this  symptom  lo  the  disease  of 
the  brain  suggests  the  propriety  of  treating  it  by  galvaniiaiion  of  the 
sympathetic  and  of  the  brain  and  sptuat  cord. 

Dr.  Wm.  Dickinson,*  who  has  made  post-mortem  examinations  of 
the  brain  and  spinal  cord  of  five  diabetic  patients,  found  the  following 
peculiar  morbid  changes,  which  were  nearly  similar  in  all : — • 

1.  Dilatation  of  the  arteries.    This  was  the  earliest  symptom. 

2.  Degeneration  of  the  nervous  matter. 

3.  Cavities  produced  large  enough  to  be  seen  without  the  micro 
scope,  and  which  contained  products  of  nervous  decay. 

4.  These  contents  become  absorbed. 

These  changes  were  C^und  near  the  arteries  and  throughout  the 
spinal  cord  and  encephaion,  but  especially  in  the  medulla  oblongata 
and  pons  varoUi.f 

*  Medicad  Times  and  Gai^ttc,  Mmrch  19,  1870. 

\  The  relation  which  Iilis  been  established  by  Cftlvl  between  diabetes  and  prurittiaof 
tlw  v^va,  which  b  a  nervous  aJTcctiont  would  seem  also  to  speak  for  the  nervom 
clmmcter  of  the  former  disease.    (Sec  Damon's  N«urosc«  of  ihe  Skitip  [363,  p.  35.) 
4» 
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These  investigations  were  confirmed  by  a  most  distingrtishcH  aolhdr 

ity  in  nervous  pathology,  Dr,  Lockhart  Clarke. 

Besides  these  patliolotjical  observations,  there  Lire  two  gene*^  coo 
siderations  which  oiight  be  adduced  in  favor  of  the  theory  thaj  Jiaiietc 
is  essentially  a.  nervous  disease. 

In  the  lirst  place,  it  appears,  in  &ome  instances  at  least,  to  be  baougM 
on  by  excessive  mejital  excitement  or  worry.  That  it  may  be  produced 
by  coDCUssion  of  the  brain  is,  we  believe,  conceded.  That  there  b  a 
relation  between  diabetes  and  the  base  of  the  brain  has  for  some  tmm 
been  mare  than  suspected. 

Secondly,  the  re&uits  of  some  of  the  therapeutical  measures  wocild 
seetia  at  least  to  indicate  that  this  disease  may  be  favorably  inBucoced 
through  remedies  that  affect  the  nervous  system.  Prot  Austin  Flint* 
has  recently  pKiblished  reports  of  two  or  three  cases  of  diabetes  tbii 
were  decidedly  benefited  by  bromide  of  [jotasaium. 

Experience  is  the  best  and  only  test  of  the  strength  of  these  facts  ami 
considerations.  The  experiment  of  central  galvanizatior* — lacludtng 
the  bratu,  spinal  cord,  and  sympathetic — is  surely  worthy  of  a  faitlifd 
trial,  especially  in  the  early  stages  of  this  affection.  This  irearmeDK 
would  be  none  the  less  indicated  if,  as  some  suppose,  the  paiholo|(kaI 
changes  found  in  the  brain  and  spinal  cord  of  diabetic  patieais  ig 
merely  the  resttli  of  the  disease. 

Experimentally  faradisation  of  the  liver  might  also  be  tried. 

Semmola  \  has  found  both  temporary  and  permanent  results  fittS^ 
faradization  and  galvanization  cf  tlie  pneumogastnc*    In  some  cases 
both  the  quantity  of  urine  and  of  sugar  were  diminished.    Jt  may  be  re- 
marked that  it  would  be  difficult  to  galvanize  the  pneunaogascric  witboot 
abo  affecting  the  sympathetic. 

Jt  is  yet  too  early  to  offer  positive  opinions  in  regard  to  the  electro- 
therapeutics of  this  disease,  but  the  following  cases  are  suggestive  of 
what  may  possibly  be  accomplished  in  the  future. 

Diahttts  Meititm  &f  trattmaiic  ori^rt  iw  #ir  s^n/  patimt — Knpid  reUff  mO  Um 
^mptoms^  and  af^p^rettt  amsi  c/  (h*  dtteoji  uadtr  <*niral  gaiv^iUmtmn'  • 
SMbitquent  attaik  of  himipiggin. 

Cask  CXCL — J,  D.^  a  fn.rmer,  aged  76,  was  rcFerred  (o  us  Jaaiiftry  ^cv  1873,  by 
l>f.  J.  H.  Raymond.  Tlic  patient  had  always  been  aclive,  bborioiis  antj  well,  vntil 
iwu  years  previous^  when  lie  fell  ten  feet  in  a.  barn,  struck  jLnij  bit  on  bt<  siJe.  Th*i 
••^inc  night  came  paiit  in  the  nipple,  and  a  very  profuH!  flow  of  urine.  Al  <>nf  Unic 
he  pafi&ed  as  liigh  as  two  quarts  aad  three  pints  dlAUy.  It  ascertuaeil  thai  tkt 
*  Americin  Practitioner,  Jan.,  1870. 
\  Qiioic^  by  Althaus  op.  di.,  p.  5&a. 
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iHnt  cooUincd  sttgir^  and  hy  medical  advice  he  had  adopted  Caiiiplm*s  diet,  mad 
Uidcr  Dr.  Ra]riaond  lud  tiken  caj-bonate  of  soda  wLtl]  advantage. 

Tht  symptoms  At  th«  time  the  palicnt  came  Co  us  were  u  fuUows  :— Tliere  wu 
headache,  bad  taste  in  th«  mouth ;  the  urine  had  a  ^infcilic  gravity  or  ID34,  and  be 
WOA  oUigcd  to  tibc  in  the  night  to  p*ss  walcr  ;  about  (wo  quarts  wcie  jia^^^  daily ; 
ibere  wo^  coiisidcraUle  mu!icular  debility,  so  that  a  short  widk  wa£  faii^ing. 

On  ihc  theory  thit  the  di^ose  nos  in  the  spinal  cordi  or  at  least  jn  ^mc  poft  of 
the  central  nervaus  system,  we  begin  ta  use  central  galvanization,  with  immediate 
results.  After  the  first  application  he  began  to  be  stronger,  and  a-ficr  a  week  it  wnj 
no  Inngrr  needful  for  him  to  ribC  sti  nighl  to  pass  water.  The  *»pecific  gravity  of  ihe 
arinc  soon  went  dawn  to  lolg,  at  which  point  sugar  could  still  be  delected,  Th< 
diet  of  llie  p&licnt^  and  hi:i  general  manner  of  Itfe,  were  the  same  as  berore.  Sugar 
was  never  entirely  eipellcd  from  the  urine,  but  in  strength  the  patient  so  much 
tmproved  that  he  could  walk  several  miles  daily,  The  headache  were  felt  no  more, 
■nd  the  bad  l«sle  was  ntuuli  mitigated,  lie  returned  to  his  home  and  to  hiaoccnpfttion, 
aikd  was  able  to  work  more  or  less  for  m  months,  when  he  was  taken  with  hcmi- 
plegia, 

Pr.  Bunker  informs  us  that  he  has  amilarly  treated  a  case  af  fliabetes,  uid  has  front 
time  to  time  examined  tlic  urine  and  estimated  the  quantity  of  urea.  He  has  con* 
firmed  the  experience  above  recorded;  and  besides*  has  shown  what  we  did  not 
attempt,  that  tlw  quantity  of  urea  dirainiihed  very  maikiedly  under  the  ireatmenC. 

Iq  the  following  much  severer  ca&e  the  apparent  results  of  treatment 
were  less  decided  : — - 

Dta&tUs  TneHitus,  tWi>  ami  a  Aaif  ytar^  jfanJtn^,  a^fiareMe/y  rauseif  by  a  /alt, 
complicated  milh  variOHs  Htrvaus  lymptomt — Temporary  bcmJU  /ram  tfntral 

Case  CXCII. — Mrs.  L.,  a  married  lady,  under  middlei^,  vassent  tousMorch  4, 
1 87 3.  Two  and  a  half  yeari  befnre  ^he  had  a  severe  fall,  which  producei.t  a  cnncmv 
noD  of  the  spine,  and  laid  her  up  fur  a  wfl«k.  la  a  few  raomhs  came  on  exc^ive 
(hirst,  conslipatiut^,  aiui  sugar  in  the  urine.  She  had  been  through  various  funnsof 
ueatmcnl,  and  confined  herself  to  bran -bread,  and  was  then  drinking  Bethcsda  water, 
which  Kcmed  to  do  her  good.  Her  condition  was  as  follows:  Specific  gravity  of 
irinev  1049  ■  ^ix  gdlons  passed  daily  part  of  the  time,  and  wheu  she  paid  no  regard 
to  her  diet.  Considerable  fodal  neuralgia,  great  thirst,  a  feeling  of  aching  and  stiffs 
nesB  in  with  pains  resembling  growing  pains  ;  insomnLa,  partly  owing  to  tlie  fact 
thai  she  was  obliged  to  get  up  several  times  during  the  ntglit  to  past  water ;  and  leu- 
dertieaa  of  dors-a)  and  lumbar  verlelirse.  Treatment  by  central  galvanLzation  faithfully 
lued  brought  down  the  specific  gravity  of  the  urine  to  104.0,  but  never  lower  than  that, 
enabled  her  to  pas  the  entire  night  without  rising  to  make  water,  and  reeved  oumy 
Ckf  her  general  nervous  symptotna,  and  this  was  oil  it  accomplished. 

Cirrh&sis  t>f  the  Liver, — The  pains  that  accompany  this  disease  may 
be  relieved  by  various  electrical  applications,  and  it  is  jjossiblc  that  the 
dist:ase  might  be  arrested,  in  some  cases  at  least,  provided  the  treat- 
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racnt  was  began  early  and  faithfully  earned  uut,    Wc  have  koo 
case  10  be  soiiiewhat  benefited  in  tliis  way. 

J^ropsual  Effusions.— T^TO^siOBi  eflfusions  are  susceptible  o(  txc 
mtni  hy  the  electric  currents,  even  when  they  depend  on  incurable 
eases  of  the  heart,  liver,  or  kidneys.    Galvanization  and  fara  " 
may  both  be  tried  vvith  strong  currents, 

In  oedema  of  the  lower  Umbs  we  have  found  both  galvanuatioB  tsi. 
faradization  temporarily  and  sometimes  permaucDtly  e£fic2u:ious, 

C4$itra{  dro^y  (Ae  resuU  of  •valvular  heart  ditease — Pipiuw/ul  Jara^  mrrtwtu 

locaiiad^  great fy  incrtojt  the  secretory  action  of  thr  kidneyj^  and  Ji£sif^4 

CaseCXCIII. — December  13^  1S70,  wc  were  called  to  see,  with  0r»  Sunod  T. 
Hubbard,  a  lady  aged  about  thirty-five  years,  who  wiU  suflcring  from  genoal  drop^. 
The  abdomen  w-aa  cnurmousJy  distended^  and  the  lower  limlis  wene  double  iLcif  aar- 
tnaJ  si2e.  Tl^c  [latient  wj.^  a  frail,  ileLicate  womxa,  and  for  ycar&bad  «u9iercd  frov 
v^vukrdiaeue  of  the  heart  revulting  from  aiticu1a.r  rheumatism. 

The  kidneys  were  almost  enlirely  inactive,  so  that  she  voided  not  more  thwi  %  tei» 
ipoonful  of  ui  bie  at  ft  ttfne,  and  the  ^gregate  quantity  Kcreted  daring  twessr^r-fota 
hours  was  but  a  trifle.  All  Ch^t  we  could  hope  to  Accomplt^h  w»  to  vfhip  up  iM 
■ecrctory  procea,  and  for  th& purpose  a  fajadie  current  of  great  iQlenf.ity  was  directed 
through  both  kidneys  and  ihe  luwer  Umbs,  The  current  was  (o  ihe  paiieni  hardjya[»- 
pieciable,  siotu'ithstanding  the  great  strength  of  current  uscft,  and  yet  the  flow  ol 
mine  increased  that  during  the  next  twenty-tour  hours  a  greater  amount  wi| 

voided  than  &he  was  accuiiloiTicJ  Co  pa^  when  in  her  ordinary  health.  The  *|>plicv 
lions  were  repeated  fifteen  ilmes  (the  increased  amount  of  urine  secreted  t»eb|*  kept 
up)  until  the  vraCer  had  dlsappeare;!  from  the  Ahd^iimen  aod  legx  Thi»  wu  oaly 
one  of  xveraL  previous  attacks,  and  her  strength  was  &o  much  reduced  by  conlinucd 
AifTering  that  slie  gradually  sank  and  died,  Electrisatioii  evidently  prolonged  lile,  tak 
1^  relieving  the  pressure  on  the  lungs,  much  alleviated  Oic  distress^ 

Brighfs  Z?i>^trjtf.— Theorelicaliy,  local  galvanization  through  the 
region  of  the  kidneys  and  central  galvanization  ought  to  be  of  sctrice 
in  the  early  stages  of  Bright' 5  di^ea$e.  The  nutritioa  of  the  ktdncyt 
might  thus  be  improved  directly  and  indirectly. 

We  have  not  yet  experimented  as  much  in  this  direction  as  we  could 
wish. 

Dr.  H.  J,  Pratt,  of  Denver,  Colorado,  reports  a  case  of  Bright^ 
disease  where  the  galvanic  current  applied  over  the  dropsical  abdomco 
and  general  faradization  resulted  in  relief  of  the  dropsy,  and  in  a.  dam* 
nution  of  the  amount  of  albumen  and  of  the  hyaline  casts, 

Jihiuitis  {Catarrh). — Subacute  and  chronic  inflammations  of  nia 
membranes  are  susceptible  of  electrical  treatment — may,  indeed,  be 
permanently  as  well  as  temporarily  relieved  by  it,  though  but  raiel| 
does  it  work  an  entire  cure  unless  aided  by  other  tneaaurcs. 
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Aside  fiom  ar.y  chemical  effect  of  the  current,  its  mechanical  action 
alone  would  be  sufticient  to  theoretically  account  for  the  relief  it  gi%'es 
to  inBamed  mucDUS  membranes.  Stellwag,  speaking  of  irritants  in 
general  in  the  treatment  of  external  inflammations  of  the  eye,  uses  the 
following  language  :  "The  irritation  which  ihey  set  up  in  the  sensory 
nerves  being  carried  over  to  the  vaso-motor  nerves,  may  cau&e  a  con- 
traction of  the  calibre  of  the  vessels  when  they  are  in  a  condition  of 
relaxation-  Thh  is  done  by  the  excitation  and  invigoration  of  the 
atonic  muscular  fibres.  The  resolution  of  the  inflammation  is  favored 
by  the  lessening  or  removal  of  the  congestion,  which  is  one  of  the 
causes  of  the  unfavorable  course,"  * 

The  theory  is  fully  plati&tble  that  electricity  operates  to  a  less  degree 
in  the  same  way,  for  its  primary  effect  is  to  increase  the  amount  of 
blood  in  the  mucous  membrane  to  which  it  is  applied,  and  experience 
shows  that  this  hyj^ememic  condition  thus  created  soon  passes  away,  f 

The  same  explanation  will  apply  to  the  action  of  eiectticity  on  all  the 
mucous  membranes^the  eye,  the  ear,  the  pharynx^  larynx,  and  urethra 
Certainly  the  ullinmte  result  of  elcclriisation  is  to  give  tone  to  the  mu- 
cous membranes  as  to  other  tissues  of  the  body.  (For  methods  of 
treatment  of  rhinitis,  see  Anosmia,) 

CaiiffTh  0/  tig year ^  itunJiH^—Com^Utt  and  fermaHint  rxazfery  under  laeat 

gatvammtion. 

Case  CXCIV.— Mr.  N.,  aged  aS,  was  referred  tii  us  by  Dr.  D.  St,  John  Roosa- 
For  eif  lit  jrcar;  the  patient  haxj  b^cii  afttictcd  with  nasal  ca.t^rh,  of  a  nQo^t  persistent 
and  rinnnying  type.  We  expressed  doubt  as  to  the  cHicacy  of  the  etcclncal  ireiit* 
metit  in  hrr  cri^c,  and  stated  that  if  it  was  undertiLkcD  it  would  be  nccc&^ry  tO  be 
most  persevering  in  onler  to  lest  its  efficacy. 

The  palietit  was  willing  and  nxixiaus  to  try  this  or  Ally  other  method  that  offered 
the  slightest  ch^ce  uf  relief,  and  for  nearly  four  cnonlHs  she  submitted  to  the  pro* 
poscfl  treatment.  From  four  (o  six  ordinary  sbccd  ilnc-carbon  cells  were  used.  And 
th?  treatment  was  hoih  eKteniaL  and  tntemal.  About  sixty  appUcattom  were  ^ven^ 
Rnd  the  result  was  4  complete  recovery. 

Over  four  years  have  now  elapsed  since  this  case  was  first  published, 
but  the  patient  has  never  felt  a  symptotn  of  &  return  of  the  diffi- 
culty. 

Afwsmia^  or  Loss  of  S^mt  pf  SmtlL — A  very  frequent  result  of  long- 
continued  rhinitis  is  partial  or  complete  anosmia.    The  acute  form  thai 

•  DisciL5c£  of  the  Eye.    Transbted  by  Drs.  Hacklcy  and  Roosa,  p.  26. 

\  GLiiubcw  has  ^own  that  th«  capiUmes  of  the  nictiuiuif  membnuie  of  (he  frog 
contract  transversely  unJer  the  influence  of  powerful  electrical  thocks.  (Billfoth^ 
Surgical  Pathology,    Trimb'ated  by  Dr.  C  E,  Hackl«y,  p.  53.]! 
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appears  in  ihe  early  stages  of  severe  cold  usually  passes  away  widmil 
treatnietit  on  the  subsidence  of  the  inAauimation.  In  some  czKt 
anosmia  is  supposed  to,  and  probably  does,  result  (rom  careless  and  too 
prolonged  tise  of  ovcr-irrtlating  injections.  There  arc  various  gradci 
of  the  disease,  from  simple  and  scarcely  perceptible  obtuaeoess  of  tiix 
smell  to  absolute  inability  to  detect  any  odor  wnaxrfc^ 
Kerosene,  coflce,  illuminating  gas»  make  no  more  irapiT» 
sion  than  substances  of  a  negative  character. 

Anosmia  may  also  result  from  central  as  well  a&  peripberal 
lesion. 

The  treatment  of  anosmia  may  be  both  external  and  tntcmal. 
The  external  trcatmetii  is  the  same  as  that  rccomineixicd 
for  rhinitis,  except  that  the  current  should  be  much  stronger; 
the  internal  treatment  consists  in  tfie  direct  application  of  i 
metallic  electrode  to  the  mucous  membrane  of  the  nasaJ 
passiiges.  We  have  used  for  this  purpose  an  insulated  elec- 
trode, u-ith  a  metallic  bulboua  extremity  that  can  be  ino 
some  distance  up  the  inferior  meatus.  An  insulated  Eus- 
tachian catheter,  containing  a  wire  with  a  bulbous  exlreinitjr, 
Sierves  very  well  the  pur^KJse,  or  a  common  silver  catheter, 
Na^l  Hcc-  "s^*^  j      indeed,  any  flexible  metallic 

trode.     electrode  of  proper  sixe. 

Anotmia  exitttttg  six  y^ars — Impr&^xmtHt  under  treatmitU  iacal /arsJimtim. 

Case  CXCV. — Mr,  II.  I,,  a  medical  student,  dgcd  J0»  vra&  referred  to  n  bjr  Dr. 
Rooja,  May,  t^g.  Some  six  yeari  prtviou&ly  the  patient  had  faltcn  from  a  lioneaai 
su&taiiicil  iic-verc  bruits  ahonl  llm  head  and  fic«.  From  that  time  be  had  bfiCB  vatk 
10  dUtinguish  any  odor  with  the  eKceptioo  of  Lbat  of  fresli-grouod  coffee  and  kcimt 
OU. 

A  powerful  ftpplit^tian  of  lUe  fariLdic  curreut  was  nude  on  cither  side  df  the  bhi)|i 
of  the  nusci  near  the  eya&f  ^nahlinghxm  la  the  coarse  of  a  few  hoUf%  to  and!  Uiuif 
certain  strong  perfumes. 

On  the  following  mornuig,  bovever,  he  was  surprised  to  fiad  hinkself  able  to  soufl 
tobacco  smoke,  camphor,  etc. 

His  scnx  of  <»nicll  remained  thus  acule  imtil  three  or  four  ui  the  afkenMo^  vfaa 
It  £uddcnly  di$apf>eared, 

A  second  application  was  followed  by  the  benefidiil  re&uU  of  the  firsij  awl  «ich 
only  a  partial  relapse,  while  the  third  and  foorth  s^ancci  rendered  bim  asittiUeto 
mpU  qC  tlie  ordinary  odors, 

Anoimia  airormfGd  wiih  Ims  of  thi  seme  of  taste — Recovery  ufufer  laeaOaeJ i^lmd^ 

Case  CKCVI. — Mrs.  H.,  sent  to  us  by  Dr,  A*  N*  Brockw«y,  aged  45,  wu  nier* 
In^  FriMTt  a  ^vcrc  and  cliruntc  na:!iiij  catarrh,  iind  usociated  with  chi:£  disease  «M  9 
complete  loss  of  the  senses  of  taste  and  sntell 
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tt  was  alike  iht  patifiiit  whether  she  a.tc  the  caD«4  delicate  mor«l  or  the  driest 
erufi,  01  whtffher  she  inhaleJ  the  perfume  or  the  ro»  or  the  most  di»grecab]e  of 
Ofloi^.  Thi§  condition  hfls  existed  for  several  yeirs,  but  under  the  influence  of  the 
galTanic  current,  Applied  both  to  the  mucous  membrane  of  the  na$aJ  pa»sage!^  and  ck- 
lern«11}V  the  seaws  of  taste  and  smell  gradually  returned  to  their  normiil  acuteaesa^ 

Toothadie  {Oihnhiigia), — ^The  pathological  concHiions  that  give  tise 
to  toothache  arc  so  various^  and  the  anatomical  ditficultics  in  the  way 
to  direct  localization  of  the  cuiretit  in  the  affected  nerve  are  %o  great, 
that  uniform  results  from  electrical  treatment  cannot  be  expected. 

The  familiar  cause  of  toothache  is  exposure  to  cold.  Although  the 
nerves  connected  with  decayed  teeth  are  more  liable  to  be  affectec' 
after  such  exiiosure,  yet  the  nerves  of  any  or  of  all  the  teeth,  even 
when  they  are  perfectly  sovjud,  may  also  become  hypcrxsthetic  and 
cause  exceeding  distress,  either  from  exposure  to  cold,  or  from  anremia 
or  nerx'ous  exhaustion,* 

The  appUcati(jns  may  be  txttrnal  or  interna^  either  with  the  faradic 
or  galvanic  currents.  The  galvanic  is  preferable,  since  by  it  we  can 
better  put  the  irritable  nerve  in  a  condition  of  anelectrolonos  (see  p. 
281).  Externally  a  (Moistened  sponge  electrode  connected  with  the  posi- 
tive ]iole  may  be  applied  for  a  few  minutes  over  the  seat  of  the  [>ainj 
while  the  other  is  held  in  the  hand  of  the  patienL 

The  application  may  be  made  internally  by  means  of  a  small  insulated 
electrode,  witii  a  metallic  extremity.  (The  nasal  or  laryngeal  electrode 
mill  serve  the  pvirijose.) 

In  bodi  the  external  and  internal  applications  it  is  well  to  begin  with 
a  mild  current,  and  gradually  increase  it  up  to  the  point  where  the 
patient  can  conveniently  bear  tt. 

Ozone  ami  Ozmtizfd  Oxygen. — ^Vhen  sparks  of  electricity  pass  be- 
tween iwp  metallic  places,  a  peculiar  odorous  principle  is  developed, 
which  has  been  termed  ezone  (from  S^sr,  to  smell).  This  odor  is  observed 
during  experiments  with  apparatus  for  statical  electricity^  while  the  clec- 
^city  is  passing  ft  oni  a  point,  when  a  discharge  from  a  strong  battery  ia 
~it  through  a  number  of  sheets  of  paper,  and  also  after  an  object  has 
been  struck  by  lightning.  As  long  ago  as  17S5,  Von  Marvira  observed 
that  electrified  oxygen  gave  forth  an  odor  nnich  like  that  which  \%  ob- 
served after  a  lightning  stroke.  This  odor  was  usually  described  as  **suK 
phurous."  Mr  Schonbein,  who,  in  1840,  first  called  formal  atlenilon  to 
oxone,  tirst  discovered  that  it  appears  at  the  positive  pole  In  the  elec- 
trotyzation  of  water. 

*  FrummhaUl  gives  nn  Interesting  chAptcr  on  OdontaJgin  Rheiunatica.  See  hb 
Flectrathcra[>ie  tnit  iMsonderer  Rackacht  auf  Ncrveu'KnMikheiten^  1S65,  p.  404^ 
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The  obsencr  also  found  that  this  peculiar  odoriferous  pnocirlc  am  Ik 
pieserved  in  glass  vessels  for  a  very  long  time.  The  odor  may  be  pre 
vented  from  appearing  by  raising  the  temi>erature  of  the  liquid  to  i 
boiling  point,  and  it  may  be  at  once  neutralized  by  the  addition  of 
quite  small  quantities  of  pulverized  charcoal,  tin,  zinc,  iron,  lead,  an- 
timony, bismuth,  or  arsenic,  by  a  little  mercury,  or  by  introducing  tntt 
the  substance  red-hot  platinum  or  gold.  It  is  produced  by  ihe  slo« 
oxidation  of  phosphorus.  It  is  disengaged  from  solutions  of  a  nutnbo 
of  the  salts,  and  from  diluted  nitriCj  phosphoric,  and  sulphunc  acid& 

Mr.  Gann  concluded,  from  his  experiments,  lliat  this  odor  may  be 
evolved  from  all  metals,  provided  they  are  so  treated  as  not  to  become 
oxidised  or  to  combine  with  other  metals,* 

Tes/s. — ^The  test  for  ozone  proposed  by  SchOnbein  was  a  paper 
moistened  with  a  sohitinn  of  iodide  of  potassium  and  starch^  The 
ozone  sets  free  the  iodine  and  gives  the  starch  a  deep-blue  coIOT* 

General  Properties, — 0:ione  is  active,  intensified  oxygen.  Ltkc 
oxygen,  it  has  a  powerful  oxidizing  action.  It  is  about  half  as  hesvy 
as  Dxvgen,  and,  at  a  temperature  of  290**  (Cent,)^  i?  changed  back  into 
ordinary  oxygen.    It  is  only  soluble  in  oil  of  turpentine* 

Oii^one  exists  in  Iht:  atmos^jhere  In  greater  or  less  quantity,  which  it 
believed  to  vary  with  the  atmospheric  condilionsi  and  to  exert  a  definite 
and  powerful  influence  on  the  health,  although  precise  and  saiisfaclory 
demonstration  of  the  nature  and  extent  of  the  laws  of  this  iixflticDCe  if 
yet  wanting. 

According  to  the  experiments  of  Prof  SchStibein^  Messrs.  Martigver, 
MarignaCj  De  la  Rive,  Becquerel,  Frtmy^  and  oihcrss,  it  would  appear 
that  ozone  is  only  a  peculiar  form  of  oxygen  produced  by  electricity — a 
change  analogous  to  that  which  the  solar  rays  bring  forth  in  chlorine — 
and  that  its  presence  in  certain  quantides  is  essential  to  health.  Ac- 
cording to  Dr.  Boeckelj  Prof.  SchSnbein,  and  Dr.  Billiard,  the  presence 
of  cholera  or  malaria  ts  attended  by  the  absence  of  o^one.t  It  is  /e/n'- 
die  that  ozone  has  more  or  less  share  in  the  variations  of  the  physical 
conditions  that  have  been  ascribed  to  changes  in  the  conditions  of  atm<K- 
phcric  electricity.  Ozone  is  found  to  be  especially  abundant  in  the 
atmosphere  after  a  thunder-storm.  It  is  also  supposed  to  be  produced 
by  decay  and  the  growth  of  plants.  It  destroys  the  impuriries  of  the 
air  miasms  by  producing  oxidation.    It  has  been  estimated  that  "a 

*  Lectures  on  Electricity  by  Hairy  M.  Nond,  Londoo,  1844,  p.  233. 

4  On  the  Influence  of  Variations  of  Electric  Tennon  u  the  remote  Ckbk  oI 
Fpidcmtc  and  other  DiKase?      By  Wm.  Crdg,  p.  424,    Sc«  ftlio  Cotwifai 

F  ox  on  Ozone  and  Antozone  for  a  rfesiunfr  of  what  u  known  of  this  eu^ect. 
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volume  of  air  containing  j^gVn  of  ozone  will  purify  540  volumes  of  pu- 
trid air,"  In  ihe  arts  o/one  has  been  ittilized  for  bleaching  and  disin- 
fecting. * 

Physiohgical and  Therapeutical  Kfficts  af  Ozone, — The  physiotogicat 
effects  of  o2one  have  been  studied  both  on  man  and  on  animals.  It  is 
believed  that  the  bracing  and  inspiring  effect  of  a  clear,  crisp,  and 
sparkling  morning,  is  due  in  part  to  the  great  amount  of  ozone  in  the 
atmosphere.*  When  it  is  held  in  combination  with  oxygen  or  common 
air,  it  acts  much  like  oxygen,  but  mure  powerfully^  It  affects  the  pulse^ 
the  respiration,  and  the  circulation,  in  various  ways,  according  to  the 
quantity  taken,  and  the  temperanientof  the  individual  In  this  respect, 
it  behaves  like  electricity.  It  has  been  thought  that  ozone  is  formed 
in  the  body  from  the  contact  of  oxygen  gas  with  the  blood,  and  there 
are  those  \i'ho  believe  that  it  ts  absorbed  with  the  oxygen  in  the  air,  and 
U  carried  into  the  blood,  where  it  takes  part  in  the  process  of  oxidation. 

There  is  a  possibility,  if  not  indeed  a  probability,  that  electricity*  in 
its  pa^^sage  through  the  body,  generates  ozone  in  very  minute  qtiatttities, 
through  the  electrolytic  and  other  changes  that  it  produces,  and  the 
Iheory,  that  the  beneficial  effects  of  electrization  are  in  paft  due  to  the 
ozone  thus  generated^  has  some  plausibility.  But  on  all  these  subjects 
very  little  is  known.  Experiments  made  in  the  laboratory  with  ozone, 
artificially  prepared,  arc  highly  suggestive.  Catarrhal  symptoms  and 
attacks,  much  resembling  epidemic  influenza,  are  produced  by  long 
breathing  air  laden  with  o^one.  it  is  Stated  that  it  would  be  difficult  to 
distinguish  between  the  symptoms  of  influenza  and  the  symptoms  of 
an  over-dose  of  o/.one.  Experiments  on  animals  have  shown  that  irrita- 
tion of  the  mucous  lining  of  the  throat  and  nostrils,  with  febrile  symp- 
toms and  congestion  of  the  lungs,  may  be  quickly  excited  by  breathing 
air  containing  a  large  percentage  of  ozone.  Jf  animals  are,  for  a  long 
time,  subjected  to  ozone,  tliey  perish.  In  their  susceptibility  to  it, 
tiowever,  they  vary  widely.  A  rabbit,  breathing  air  mingled  with 
of  its  weight  in  ozone,  has  died  in  two  hours.  Mice,  breathing  air  about 
of  ozone,  have  died  immediately.  Rats  are  more  susceptible 
than  guinea-pigs,  and  guinea  pigs  are  more  susceptible  than  rabbits. 
Pigeons  are  quite  tolerant  of  ozone,  and  frogs  are  proof  against  it,  pro- 
vided they  have  abundance  of  water.  Birds  arc  specially  tolerant  of 
this  agent,  as  might  naturally  be  inferred,  since,  in  the  higher  strau  of 
the  air,  wiiere  they  dy,  ozone  is  more  abundant  than  near  the  earth. 

A  convenient  apparatus  for  the  inhalation  of  ozonized  oxygen  is  that 

*  Dr.  BaJdwin  Am.  Jour*  Med  Scicacet,  Oct,,  1S74)  gives  obKrvAtiou  that  ofr 
pO«e  tbl&  theory. 
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of  Siemen's,  which  consists  of  a  glass  tube  lined  with  tin-foil  tcivcsihu 
are  cannected  with  the  current  from  a  pott'erful  helix,  anc  siigjitl) 
separated  from  each  otlier,  so  th&t  in  passing  from  one  to  the  other  ti« 
current  is  interrupted  with  sparks.  Through  this  tube  the  oxy^jen  passin 
from  an  iron  receiver,  and  ozone  is  developed  by  ibc  aciioa  of  tlic 
current  at  its  interruptions.  By  tliis  apparatus  fifteen  per  cent,  of  the 
oxygen  may  be  converted  into  ozone,  A  glass  apartmeDt  aiay  be  corv 
structed  on  the  soine  principle,  in  which  the  patient  may  stt  for  a  long 
time  and  slowly  breathe  in  a  natural  manner  iJie  diffused  oronurd 
oxygen. 

Dr.  C.  Lender,*  of  Berlin,  has  successfully  experinienteil  iviia  mc  m- 
halation  of  ozonued  oxygen  in  the  treatment  of  wounds,  and  has  found 
that  in  malaria  and  various  conditions  associated  wtih  impure  blood 
and  depraved  nutrition,  its  corrective  and  tonic  effects  arc  vcrj*  dccitlod 
In  this  country  the  therapeutic  effects  of  oionc  have  been  studied  by  Dr. 
Sass,  and  ^ith  encouraging  results. 

Atttoscn€, — This,  like  ojtonc,  is  an  active  condition  of  oxygen,  andU 
produced  in  the  same  way  and  at  the  same  time.  The  fact  that  such  a 
condition  as  Attt^isofif  might  exist  was  suspected  bySchonbein  in  185J, 
and  its  protjerties  have  since  been  studied  by  Meissner,  in  iS6jarui 
1869. 

Nay  J*d7'^r — {Summer  Caiarrh^Rese  Cold^  Autumnal  Ca/ttrr^,— 
We  have  recently  tii  idj  extensive  researches  in  this  strange  disease, 
and  have  shown  tliat  the  nervous  system  has  more  to  do  with  it  than 
has  been  su[»posed.  ^Vt;  havt  treated  two  cases  of  the  disease  dai- 
ing  the  attack  by  external  galvanization.  In  one  case  considerable  and 
in  the  other  case  very  decided  relief  was  obtained.  Dr.  W.  F.  Hutch- 
inson, of  Providence,  has  succeeded  not  only  in  relieving,  but  in  break* 
ing  up  an  attack  by  central  galvanization. 

As  a  prophylactic  a  prolonged  course  of  general  fexadizatioQ  or  cen- 
tral galvanization  is  recommended. 

A^ut^  Dis^asfs—/^rz<^rs — ConvaUscffici. — General  faradkfttton  snd 
central  galvanization  might  be  used  in  acute  diseases  much  more  than 
they  have  been.  When  quinine,  iron,  etc.,  are  used,  these  method*  of 
electrization  should  be  used  both  for  their  sedative  &nd  their  took 
elfects.    That  the  pulse  and  temperature,  when  abnomially  high^  cah  be 

*  Du  unreine  Blut  und  seine  Kemt^ng  dureh  negstiv-electrtxben  Sancrttof 
(OztJn),  Also,  Saucrsloff  und  OjsonsauerstofT,  ncbst  ihref  Auurcndunip  bd  Ven«^ 
deten  n^h  cincm  im  Berliner  Inhalatorium  gehaJtenea  Votragc*  Compvc  also  TUf* 
\.  il.  Smith's  excellent  paper  oa  Oxygm  Gas  as  1.  Reowdy  in  Disease:.  New  Y«ik 
tSTa 
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reduced  by  general  farad'uation  and  central  galvanization  w«  have 
abundantly  established  by  many  observations,  and  tlie  greater  tonic 
effects  of  these  methods  of  using  electricity  are  now  conceded  eveiy* 
where* 

The  introduction  of  these  methods  to  the  treatment  of  acute  and  sub' 
acute  diseases  offers  a  great  held  for  enterprising  general  practitioners* 
Dr.  Glax  treated  thirty  cases  of  typhoid  fever  by  galvanisation  of 
die  cervical  sympathetic,  and  succeeded  in  reducing  the  temperature 
and  dimlnidiing  the  fever. 

l\\£i;nvaies€eH£e  frojn  any  acute  disease,  general  faradization  and  cen- 
tral galvanization  are  a  great  assistance,  and  have  been  considerably 
used  for  that  purpose  by  ourselves  and  otbier  observers. 

Obi^siiy. — Obesity  has  been  treated  by  powerful  faradi/atton,  wjth  a 
view  10  produce  absorption  of  tlie  adipose  lijssiic,  and,  it  is  clainicd,  with 
some  success.    The  applications  are  directed  (hroiigh  the  abdomen. 

Chronic  Aie0hoiism.~-\Svi\\o\\x  aUenii)ting  lo  consider  the  many 
symptoms  associated  wuh  alcolioiic  poisoniiigj  or  aiteiiipting  tu  deline 
the  possible  pathological  changes  that  may  appear  in  the  membranes 
tjf  the  brain  and  spinal  cord»  we  would  here  simply  call  attention  to  a 
certain  impairment  of  motor  power  in  the  lower  extremities.  This  loss 
of  power  simulates  paraplegia,  but  as  a  rule  only  partial  or  inconi- 
plctc. 

It  is,  however,  sufficiently  distinctive  to  deserve  the  term  of  **  alco- 
holic paralysis/'  and  is  indicative  of  a  condition  more  rnoted  and  severe 
than  the  familiar  general  muscular  and  nervous  debility  that  afflicts  the 
habitual  drinker.  While  in  many  cases  of  alcoholic  paraplegia  it  is 
evident  that  certain  pathological  peculiarities  nnisr  exist,  such  as 
chronic  meningitis  of  the  cord,  on  the  one  hand,  and,  on  the  other, 
thickening  of  the  membranes  of  the  brain  and  spinal  cord,  together 
with  a  wasting  of  their  substance^  it  is  in  other  cases  as  certainly  evi- 
dent that  no  such  structural  change  is  present*  On  no  other  supposition 
can  we  account  for  the  rapidly  and  permanently  beneficial  effects  that 
so  frequently  follow  the  use  of  electrization  in  cases  of  alcoholic  para- 
plegia. 
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CHAPTER  L 


Mhefr^-$urg^y  h  thai  branch  of  thetrO'therapeuticf  wMch  mcludtx 
(he  eUftrical  irtahn^nt  of  the  diseases  commonly  known  as  surgkaL 

Besides  the  four  medical  applications  of  ekctricityT — localked  fara- 
dization, localized  galvanisation,  general  faradisation,  and  central  gal- 
vanization—all of  which  may  be  used  for  surgical  diseases,  it  includes 
gaJvano-^auUry  and  e/ecfrcIysiSf  both  of  which  may  be  regarded  as  pe- 
culiar CO  this  department. 

History  af  Eiutro-Surgcry.^Thc  history  of  surgical  electricityj 
though  to  a  considerable  degree  interwoven  with  the  history  of  electro- 
therapeutics in  general,  is  yet  sufiicieiitly  distinct  to  entitle  it  to  special 
consideration. 

Eieclro-surgery  was  bom  in  one  of  the  darlccst  eras  of  electro-thera- 
peutics, the  decade  just  preceding  the  great  discovery  of  induction  by 
Faraday,  in  1831.  The  distrust  and  neglect  with  which  at  this  period 
especially  electro  therapeutics  was  regarded  by  men  of  science  was  due 
partly  to  the  reaction  that  inevitably  followed  the  extravagant  hopes 
that  had  been  raised  on  the  discovery  and  po]>ularization  of  the  voltaic 
pile  at  the  beginning  of  the  century  ;  partly  to  the  inconstancy  and  un* 
reliability  of  the  pile  itself,  partly  to  the  almost  absolute  ignorance  of 
the  profession  concerning  the  indications  for,  the  effects  of,  or  (he 
methods  of  n^iing  electricity  j  and  partly  also  to  the  fact  that  it  was  con- 
founded with  mesmerisnHj  which,  after  creating  absurd  and  wide-spread 
excitement,  had  fallen  into  deserved  and  permanent  neglect. 

It  was  in  the  middle  of  this  era,  in  the  year  1S251*  when  the  cause 
uf  electro-therapeutics  seemed  hopelessly  lost,  that  Sarlandiere  f  called 
renewed  attention  to  this  despised  agent  by  proposing  the  employment 
of  ihtiro-punctHre^  in  order  to  bring  tlie  current  more  directly  to  bear 
on  the  deeper  tissues.  The  first  experiments  were  made  with  statical 
electricity. 

The  subject  was  afterwajds  studied  by  Magendie,  who  used  electro- 

•  Two  years  previously  f  iSaj)  Provost  and  Dumas  had  attempted,  with  some  flic- 
oets,  the  di&salutiati  of  caIcuJi  the  bfadder  in  ftnimals;  and  many  years  tx fort 
•ome  surgical  dUuL^ies  hod  been  treated  electricaUy,  but  the  subject  wa^  luit  syarcnud* 
cally  studied  unlil 

f  Mfcmoired  «ir  rillectro-ptiiictttre,  Paris,  1S35. 
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puncture  with  the  galvanic  current  (g&lvano-puncture)  in  the  trtMimmt 
of  various  diseases.  At  first  electro-puncture  was  tised  mediadly  more 
than  surgicaHy.  The  treatment  of  aneuiisrxis  by  this  method  was  of  a 
later  date. 

The  idea  of  causing  coagulation  of  the  blood  by  galvano-punclurc  im 
originally  suggested  by  Scudamore,  and  in  1851  Gu^rard,  Privaz,  and 
Leroy  d'EtioUes  proposed  the  treatnient  of  aneurism  by  this  method, 
which  was  first  practised  by  B,  Phillips,  about  the  year  iSja^*  and  after- 
wards studied  by  Liston. 

In  1839  Schuster  succe^fully  employed  cTectro-punclure  for  the  treat 
ment  of  hydrocele  and  other  serous  efifusions,  and  in  1843  he  rejM^rtcd 
his  successes  to  tlie  Frendi  Academy, 

In  1835,  and  the  following  year  also,  Cnisscl,  whose  name  is  so 
prominent  a  figure  in  the  history  of  eIectro-surg(^ry,  began  his  invcsJiga* 
tions  on  electrolysis.f  His  ejcperimetits  excited  Uttle  interest  in  the 
profession. 

In  1843,  also,  Steinheil  and  Heider  suggested  the  theory  that  tb< 
nerves  of  teeth  might  be  killed  by  placing  a  ptatinutn  wirr,  heated  by 
the  passage  of  a  galvanic  current,  in  the  cavity,  and  in  1845  Heidrr 
first  successfully  employed  this  method.  He  used  for  this  purpose 
one  very  large  element  of  Grove.  The  operation  took  but  a  few 
seconds. 

In  1846,  Cnisselj  whose  name,  as  we  have  seen,  is  also  to  be  retncro- 
bered  as  the  founder  of  electrolytic  treatment,  successfully  renwed  by 
the  heated  platinum  ^vire  a  "  large  fungus  ha^matodes,  situated  in  the 
frontal  and  ocular  region," 

In  the  same  year  Petrdquin,  of  Lyons,  obtained  successful  results  io 
the  treatment  of  aneurisms  by  galvano-puncture.  The  year  1846  may 
therefore  be  regarded  as  one  of  special  sigaificance  in  the  history  of 
electro-surgery.  About  this  time  also,  the  same  treatment  was  used  by 
Burci,  of  Italy, 

In  1S47  Bertani  and  Milani  first  treated  varicose  veins  by  galvAnO' 
puncture.  Jn  the  same  year  Crussel  published  his  method  of  treatiog 
ulcers  by  availing  himself  of  the  electrolytic  powers  of  the  galvanic  cor* 

•  Erich&cfi's  Sutgery,  p.  513. 

f  Frommhold,  Electtotlientpie  mit  besonderer  Ruclcsicht  auT  Kexven' KruUkiiUfl^ 
Pest,  1865^  p,  io4_ 

The  first  experiments  with  clectrolysb  were  made  mocti  eu-licr  than  tW»i  dse^ 
fteeording  to  Brenner,  Mongtftf^ml  snd  L,anr!o  had  used  a  nccdle-«htped  tiecuoit, 
coDnected  with  the  negative  pole  (probably  of  a  voltaic  |HJe,  which  wras  Ihea  )Mca» 
ing  into  nQtice)^  far  the  treatment  of  gangrene:  Deif  apftkaaimt  dtf  G^Jmmimt 
Qlla  medicina,  Gr^iTpa^  iSoj. 
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rent  This  author  observed  that  when  two  metallic  plates  aie  con- 
nected with  the  poles  of  a  galvanic  apparatus,  and  applied  to  the  body, 
very  different  effects  were  produced  at  the  two  poles — the  positive  act- 
ing like  an  actd,  and  making  harder  the  tissue ;  the  negative  hke  an 
alkali,  and  causiing  an  increase  of  fluid.  On  the  strength  of  this  ob- 
servation, Crussel  treated  ulcers  and  cancers  by  a  flow  connected  with 
the  positive  pole  of  the  apparatus,  while  the  negative  was  in  the  hand 
of  the  patient.  The  result  of  this  treatnieiit  was  to  cause  a  scab  to 
form,  which  fell  off,  leaving  the  sore  smaller  and  more  healthful  io  ap- 
jiearance.    Repeated  treatment  of  das  kind  wrought  cures. 

In  the  same  and  the  following  year,  Cnissel  formally  called  the  at- 
lention  of  the  profession  to  "the  electrolytic  method  of  cure."  ♦  For 
the  treatment  of  strictures  another  method  was  subsequently  inves- 
tigated by  Willebrand,  Wells,  Ciniselli,  and  has  recently  been  revised 
by  Scouieten,  Mallez,  Tripier,  and  others.  In  1850  Marshall  sug- 
gested and  successfully  employed  the  galvano-cautcry  in  the  treatment 
of  fistula., 

In  185*  Batjmgarten  and  Wcrtheimcr,  with  the  co-operation  of  Mal- 
gaignc,  successfully  operated  on  an  aggravated  case  of  varicose  veins  in 
the  arm. 

In  1852,  also,  Ctniselli,f  who  still  cultivates  with  distinguished  suc- 
cess the  department  of  electrolysis,  first  established  by  experiment  that 
aJkalUs  ^pptar  at  the  negativf^  and  the  acids  at  the  postiive  pole. 
His  method  of  demonstration  was  to  lay  a  piece  of  flesh  across  the 
edges  of  two  vessels  filled  with  distilled  water,  and  alternately  con- 
necting each  of  the  vessels  with  a  pole.  The  acids  were  found  in 
the  vessel  containing  the  posiiive  pole,  and  the  alkalies  in  the  ves- 
sel containing  the  negative.  The  piece  of  flesh  was  shrunken  and 
burned,  J 

In  1853  Ellis  first  used  the  heated  platinum  wire  for  cauterization 
of  the  cervix  m  inflammations  and  ulcerations.  In  this  same  year 
Hall  sucessfully  treated  a  case  of  ununited  fracture  by  galvano  punc- 
lurc. 

A  great  and  important  impulse  was  given  to  galvano-cautery  by 
Middeldorpff,  who,  in  1854,  published  his  celebrated  work  on  the  subject.[[ 

•  Die  Elcctrolytisclie  Ileilmcthodc.    Neue  Med.-Chir.  Zcitung,  1847,  No.  7. 
M«d  Zeilung  Russlands,  1847  and  1S4S.    Quoted  by  Meyer,  op.  cit.,  p,  474. 
f  Dcir  «ione  chimica,  dell'  electricita,  Cremona, 

%  Brenner,  UntersuchiLn^n  und  BeobAchiunfoi  auf  dein  Gcbicle  der  Elektrollier 
■pie,  Bd.  iL,  p.  265. 
ITheGalvjuio-Caui  ie,  Brolso,  1SS4. 
4* 
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In  1855  Demarqiiay  removed  a  swelling  of  the  submajtiUary  glaod 
by  galvano  puncture.  In  the  sanic  year,  Vergnfe  and  Poey  published 
their  experiments  on  the  removal  of  poisonous  metaUlrom  the  body  by 
the  electro-chemical  bath- 
In  1856  Boulu  caused  resolution  of  tumors  in  a  naoiber  of  cases 
magneto-electricity,  applied  by  means  of  metallic  di&ks.  Two  dsesot 
swelling  of  the  parotid  gland  were  in  this  way  entirely  cured.  In  ti« 
same  year  Afeding  extracted  mercury  from  a  panent  wiio  had  Umg 
suffered  from  mercurial  poisoning,  by  means  of  the  cltfctmxhciuicil 
bath. 

In  1S53  and  1859  Zsigmondi  published  the  result  of  his  success^ 
experience  vnlh  galvano-cauterv  after  the  system  of  MiddeldorpC  In 
1S59,  also,  Delstaoche,  Lehmann,  Burdel,  and  Thevtsscu  reported  5»c- 
fesses  in  the  treatment  of  hydrocele  by  farado  punciurt. 

In  1 86 1  Braim  aud  Von  Gruenewald  introduced  the  galvano-ctuicrf 
into  gynecology,  where  it  has  since  been  employed  for  the  removal  of 
polypi,  excision  of  the  cervix,  and  so  forth. 

Bo'b  in  the  extent  and  the  variety  of  his  operations  in  this  depart- 
ment  Midcleldorpff  far  surpassed  all  his  predecessors.  He  devised  a 
powerful,  tliough  somewhat  bulky  apparatus,  as  well  as  various  bumcn 
and  loops  for  operating  on  different  parts  and  organs  of  tlie  body. 

In  1867  Althaus*  revived  the  aticution  of  surgeons  ro  the  surgical 
powers  of  electricity,  by  reports  of  successful  experiments  in  the  trcil' 
ment  of  n»vi  and  tumors  of  various  kinds  by  elcctrolyzaiion. 

During  the  past  6ve  years  extensive  researches  have  been  made  in 
nearly  all  the  prominent  departments  of  Electro-Siirgerv  by  the  aut^mi 
of  the  present  treatise,  f  I  be  re&ults  of  the  researches  are  recorder}  in 
this  section.  Experiments  made  in  those  departmcnls  of  EIcct^o-PhJ^ 
siolog}'  bearing  on  Electro-Surgery  have  already  been  rccordw!  in  Ae 
section  on  Electro  Physiology,  Utiring  the  same  period  the  voriota 
departments  of  Electro-Surgery  have  been  studied  by  Althaus,  Von 
Hiuns,  Byrne,  Groh,  Neftel^  Duncan,  Newman,  VoUolini,  CaM^Il 
Prince,  ourselves  f  and  others. 

Surgical  compared  with  Medical  Ehctriciiy. — In  comparing  this  his* 
tory  of  surgical  with  that  of  medical  electricity,  we  observe  a  nurobcf 
of  interesting  poii  ts  both  of  similarity  and  of  contrast  Surgical  is 
much  younger  than  medical  electririty,  daring,  as  we  have  seen.  finicD 
1835.  In  neither  department  has  the  progress  been  uniform  or  condsttnL 

•  Tumors  and  other  Stii^cti!  Disease*.  iKfi?* 

f  Clinical  Researches  in  Klectro -Surgery.  Hy  Au  D.  Rockwell,  4.M„  M.D.,  taJ 
George  M,  B«<ird.  A.M.,  M.D.    WUliara  Wtrod  &  Co.  1873. 
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Eras  of  extravagant  expectation  have  been  followed  by  eras  of  indlf. 
fetence,  although  with  surgical  electricity  tlie  contrast  has  been  much 
less  marked  than  with  medical.  The  interest  that  was  aroused  by 
the  introduction  of  electro-puncture  10  1825,  of  electrolysis  at^d  gal- 
vanO'Cautery  in  1846-47,  was  followed  by  a  reaction  of  neglect  that 
allowed  the  whole  subject  to  sink  into  nearly  absohite  forgetfulness. 
The  progress  of  surgical  even  more  than  of  medical  electricity  has  been 
impeded  by  want  of  convenient  and  reliable  apparatus,  and  by  this  dif- 
ficulty is  ej£plained  the  fact  that  so  few  workers  have  entered  this  most 
promising  field.  While  the  number  of  experimenters  in  medical  elec- 
tricity, both  in  the  profession  and  out  of  it,  and  in  various  countries,  is 
very  large,  including  very  many  of  the  ablest  writers  of  modern  medical 
literattire,  the  practice  of  distinctly  surgical  electricity  has  been  con- 
fined to  a  few,  and  the  authors  by  whom  it  has  been  really  advanced 
could  be  counted  on  one's  fingers. 

Surgical,  unlike  medical  electricity,  has  been  studied  and  pursued 
mainly  by  men  of  science,  and  the  progress  that  has  been  made  in  it 
has  been  much  more  frequently  the  direct  result  of  scientific  observa^ 
tion  and  cxperimenL  Those  physicians  who  have  made  eras  in  medi- 
cal electricity  have  done  so  by  improving,  developing,  systematizing, 
and  introducing  to  the  profession  methods  of  treatment  which  eiihw  by 
charlatans  or  others  had  been  substantially  known  and  practised  before 
them.  Sarlandiere,  Stenbcil,  Heider,  and  Crussel*  on  the  contrary, 
first  suggested  and  employed  as  well  as  introduced  to  the  profession 
electro-puncture,  galvano  cautery,  and  electrolysis. 

Another  important  distinction  is  this,  that  nearly  all  the  surgical  dis- 
eases for  which  electricity  is  employed  have  been  treated  wttU  more  or 
less  success  by  other  methods,  while  in  many  of  ih-:  medical  diseases  in 
which  electrization  has  been  most  successful  it  has  been  the  chiefs  and  ■ 
in  some  the  only  dependence, 

Finally,  it  should  not  be  forgotten  that  the  surgical  successes 
achieved  by  electricity  have  been  of  great  service  to  eleclro-therapeu- 
tics  in  general.  A  surgical  operation  appeals  to  the  eye  and  to 
mechanical  skiil,  while  medicine  appeals  more  to  the  higher  and  rarer 
quahties  of  reason  and  imagination.  Many  who  fail  to  comprehend  a 
complex  medical  fact  or  principle  may  be  fascinated  and  carried  to  en- 
thusiasm by  whatever  strikes  the  senses.  Hence  we  find  that  the  sug- 
gestion of  electro-piinctiire  in  1S25  revived  an  interest  in  electricity 
that  its  purely  medical  applications  failed  to  sustain,  and  from  that 
time  to  the  present  the  fortunate  operations  of  galvatio-cautery  and 
electrolysis  have  aroused  the  attention  of  many  who  had  no  faith  in 
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nd  no  comprehension  of  the  remarkable  powers  of  electricity  ova 
■ntritioD. 

Temperament  of  ike  Paiient  less  important  in  Surgical  than  in  Me^ 
col  £Uctriaty. — In  medical  electricity,  as  we  have  seen,  the  results  of 
treatment  largely  depend  on  the  temperament  Some  can  bear  almost 
any  amount  of  electrical  treatment,  others  can  bear  but  a  little,  and 
odiers  still  can  bear  none  at  all  (see  p.  254).  We  have  seen  in  the 
duptcr  on  Hysteria  and  allied  Affections  that  symptoms  for  which 
cfectricitT  is  peculiarly  adapted,  and  over  which  its  greatest  victories  are 
obtiined.  sometimes  refuse  to  yield  and  are  indeed  aggravated  when  any 
form  of  electricity  is  used  by  any  mode  of  application,  for  the  reason 
dm  the  temperament  of  the  patient  contrarindicates  electricity.  Tem- 
pensoents  that  will  not  bear  electricity  at  all  or  but  little  are  quite 
freiq'jently  found,  especially  among  the  better  classes.  In  surgical  dis- 
ease that  are  treated  by  distinctively  surgical  applications  of  electrid- 
TT  ibe  temperament  need  not  usually  be  taken  into  account.  £Iectro> 
sacpcil  operations  are  of  a  thermal  or  chemical  character,  and  are  not 
dependent  for  their  success  on  the  idiosyncrasy  of  the  patient.  We 
hare  seen,  furthermore,  that  the  electro-susceptibility  of  patients  may 
jq^ar  either  in  the  form  of  farado-susceptibility  or  galvano-susceptl^ 
Histr — some  who  can  bear  and  be  benefited  by  the  faradic  current, 
cfcsso:  bear  the  galvanic,  and  vice  versa.  In  electro-surgical  operationi 
^  (Visibility  of  these  special  idiosyncrasies  need  not  be  considered. 
It  is  true  that  patients  behave  very  differently  after  electro-surgical 
{^l^raaons,  that  some  suffer  from  irritative  fever  and  others  do  not, 
and  these  differences  of  effect  may  very  likely  be  due  to  differcncei 
^  etectro^isceptibility,  but  such  differences  are  tot  usually  of  soft 
cxmIt  serious  importance  to  require  consideration. 


CHAPTER  n. 


EliECTROLYSIS^ — ITS  NATURE  AND  GENERAL  METHODS* 

The  definition  and  derivation  of  electrolysis,  as  well  as  its  general 
laws  and  phenomena,  have  already  been  given  (sec  Electro-Fhj'sics, 
Chapter  IV.).  Its  physiological  relations  have  also  been  presented  in 
considerable  detail  (see  Electro-Physiology,  p.  91).  It  remains  for 
us  here  to  speak  only  of  electrolysis  in  its  surgical  relations^  and  to 
describe  the  rules  and  methods  of  the  various  operations  in  which  it  has 
been  found  of  service-  Klectrolysis  in  surgery  is,  however*  so  closely 
dependent  on  electrolysis  in  physics  and  physiology*  that  no  one^  can 
intelligently  utilize  and  explain  it  in  operative  procedures  who  does 
not  also  understand  its  physical  and  physiological  relations. 

The  term  electrolysis  is  a  general  one,  and  signifies  decomposition 
by  electricity.  As  such  it  applies  to  the  electrical  decomposition  of  in- 
organic as  well  as  organic  substances,  and  of  animal  tissues,  whether  in 
health  or  in  disease,  living  or  dead.  Practically,  however,  the  term  \$ 
now  pretty  well  restricted,  in  elecrro-lherapeutical  language,  to  the 
electrical  decomposition  of  morbid  growths,  or  to  parts  affected  by 
chronic  inllarnmationt  by  means  of  some  form  of  needle  electrodes,  and 
although  more  or  less  electrolytic  action  takes  place  in  all  applications 
of  the  galvanic  current  externally  or  inlemally,  yet  the  term,  when  ap> 
pUed  to  any  electrical  operation,  is  understood  to  imply  that  electro- 
lytic action  was  the  leading  effect  sought  for,  and  that  it  was  obtained 
by  needles*  or  at  least  by  some  form  of  metallic  electrode  more  or  less 
pointed  at  the  esctremity. 

On  ihe'other  hand,  when  electrodes  with  very  large  surface  are  used, 
with  a  view  to  chemical  effect,  and  the  tranifer  of  fluids  with  absorption, 
the  process  is  called  catalysis.  Catalysis  depends  in  part»  at  least,  on 
electrolysis,  and  the  distinction  between  the  terms,  which  has  been  ob- 
served by  electro-therapeutists  is  practical  rather  than  scientific, 

Thtory  of  EUcfrolysis  0/  Morbid  Living  Tissue.- — Far  electrolysis^ 
living  as  compared  with  dead  tissue  has  the  twofold  advantage  that  iti 
solutions  are  warmer  and  therefore  better  conductors,  and  that  it  it 
capable  of  the  processes  of  absorption. 
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When  needles  connected  with  the  poles  of  a  galvajiic  bauery^ff 
inserted  into    tiimor,  a  threefold  action  is  produced. 

1.  Dtcsmp&sition  of  its  fluid  Cmstitu€nts. — Hydrogen  and  alkiliot 
soda,  porassa,  etc,  go  to  the  negative^  and  oxygen  and  adds  to  ih< 
positive.  The  special  character  of  these  electrolytic  phcnotuena  nill 
depend  on  the  character  of  the  tumor,  and  the  rapidity  of  the  acbofi 
will  be  proportioned  to  the  relative  amount  of  its  fluid  con!»titueiit&  Af 
the  body  is  mostly  composed  of  water  holding  sails  of  potash,  soda,  etc, 
in  sokilionj  it  is  a  good  electrolyte,  and  in  most  of  llie  conditiotiK  of  dij 
ease  undergoes  rapid  decomposition.  Scirrhus  and  fibroids,  when  hard 
and  firm,  require  considerable  strength  of  curreiu,  and  are  elecirolyzed 
with  comparative  slowness.  Erectile  rumors,  whicli  are  aU«OT>t  emirfiy 
of  fluid  composition,  can  be  electrolyied  verj*  rapidly.  Although  el«o 
trolytic  action  Uke3  place  at  both  poles  when  inserted  in  tatoort,  is 
when  inserted  in  inorganic  substances*  yet  this  action  on  the  whole  ap* 
pears  to  be  the  more  vigorous  and  more  effective  for  causing  a^>sorptio8 
and. disintegration  at  the  negative  pole,  and  in  practice  this  pole 
usually  found  to  be  the  more  efficacious,  although  successful  results  tffr^ 
obtained  by  the  positive  pole  or  b}'  both  combined.  Eptthelioniii 
being  largely  composed  of  water,  also  decompose  rapidly. 

Reasoning  from  what  we  know  of  the  electrolysis  of  inorganic  snl*- 
stances,  it  is  proper  to  assume  that  in  the  electrotysis  of  a  nialignant 
tntnor^  for  exan^plej  the  many  chemical  gubslances  of  which  it  is  com- 
posed undergo  manifold  combinations  and  rcconnbinaiions,  the  prcdi^ 
nature  of  which  cannot  weU  be  fuUy  divined,  and  the  practical 
of  which  in  causing  discussion  of  the  tumor  can  only  be  decennined 
extended  clinical  experience. 

2,  Absorption. — Absorjation  may  be  hastened  both  by  the  cheiBical 
changes  that  take  ]jiace,  and  also  by  the  mechanically  irritaiii^  effeO 
of  the  needles  and  the  transference  of  the  anions  and  cations.  TOa 
absorption  takes  place  both  during  and  after  the  treatment  In  Mmk 
cases  it  is  not  at  all  observed  during  the  operation,  but  goes  on  aloviy 
for  weeks  following.  Stimulation  of  absorption  is  especially'  marked 
when  electricity  acts  on  hydrocele  and  cystic  tumors. 

3-  DisinUgrafim  and  Atraphy, — As  a  result  of  the  dccompositioo 
and  alisorption^  and  associated  with  them,  the  tissues  become  dried 
separated,  shrivelled,  and  the  tumor  decreases  in  bulk  and  inayentirdjr 
disappear.  All  these  processes,  or  rather  the  effects  of  these  proeessc^ 
may  be  distinctly  observed  during  the  electrolysis  of  any  small  «nv 
mole,  nsevus,  or  wart,  both  during  and  after  the  operation.  Shortly 
%fter  the  needle  is  inserted,  the  growth  will  be  Aeen  to  change 
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the  sicin  soon  begins  to  shrivel  and  contract^  like  an  apple  when  it  is 
baking.  The  next  day  the  growth  will  be  stiU  smaller,  and  peihapa 
Dearly  or  entirely  obliterated. 

Apparatus  for  Eleciraiysis* — Electrolytic  action  is  diiefly  obtained 
by  the  galvanic  current,  although  there  is  little  question  that  the  faraclic 
current  (both  the  electro-magnetic  and  magneto-electric)  has  more  01 
less  electrolytic  power,  and  the  magneto-electric  current  has  been  used 
in  electro  plating;. 

The  mag nelo-elec trie  rotary  machine,  as  constructed  by  Saxton  or 
Stohreip  is  capable  of  producing  electrolysis.*  It  has,  how'cver,  for 
this  puri)Ost%  in  therapeutics  at  least,  no  advantage,  and  decided  Uisad- 
vantiiges  as  compared  with  the  galvanic  current. 

//  has  btm  sk&wn  thai  for  the  purports  of  galvano-cattUry  quantify 
with  madtrate  iemicn  was  rtquirtd,  and  that  this  was  attained  by  a 
few  targe  etements  ;  for  the  purposfs  of  eUctroiysis  ttftsion  with  mod* 
trate  ar  fair  quatttity  is  required^  such  as  is  obtained  by  a  ^onsiderabU 
Humber  of  elements  of  medium  sise  (see  chapter  on  Ohm's  Law  in 
Electro- Fhysics,  p.  66). 

Any  of  the  galvanic  batteries  described  in  the  chapter  on  apparatus, 
can  be  used  for  electrolysis.  The  zinc-carbon  batteries  are  the  best 
for  the  purposes  of  electrolysis^  but  with  the  cabinet  battery  and  with 
most  of  the  coinbinaiioiis  and  modifications  of  Daniell's  cells,  the  elec- 
trolytic action  is  comparatively  feeble,  and  only  answers  for  trifling  oper- 
ations. Deficiency  in  electrolytic  power  in  a  battery  may  to  a  certain 
extent  be  compensated  by  protract^^d  applications. 

Methods  of  Testing  the  Ele^trolytie  Batteries. — Batteries  may  be  ap- 
proximately tested  with  a  view  Co  ascertaining  their  comparative  advan- 
tages for  electrolytic  operation^  by  the  amount  of  deflection  they  cause 
to  the  needle  of  the  galvanometer  of  Icnown  construction  /p.  40) ;  by 
the  rapidity  and  amount  of  decomposltitjit  ivhich  they  cause  In  simple 
compounds,  such  as  acidulated  water,  iodide  of  potassiurnt  or  common 
saltt  and  by  their  capacity  for  heating  platinum  wire  (p.  71), 

An  approximate  test  for  the  qualities  that  are  needed  in  electrolytic 
operations  is  found  in  the  decomposition  of  iodide  of  potassium.  The 
rapidity  with  which  this  yields  to  the  current  of  a  battery,  and  the 
amount  of  iodine  evolved  in  a  given  tiniCi  very  fairly  indicates  the 
capacity  of  that  battery  for  electrolytic  purposes.f 

*  See  Frammhold's  Elcctrotherapie  mit  besonderer  Riickucht  nf  Nerven-Kruik* 
beitea.    Pest,  l^^S*  (04. 

\  In  np^rimtrnting  with  galvanic  batteries  (arc  must  be  taken  to  avoid  frequent  01 
[ong-contbued  connection  of  ihe  mttallic  particot  of  the  dectrode^  slocc,  on  accouul 
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NtfdifS^ — For  producing  electrolysis  in  tissues  bentra.th  the  skin 
tine  needles  of  gold  or  gilded  steel  are  used.  Tlic  advantage  of 
gold  is  that  it  resists  oxidation  better  tiian  a.ny  otiier  ineUl.  Gold 
or  gilded  needles  can,  however,  be  used  only  with  ihe  negative  pole, 
since  with  the  positive  they  would  be  acted  on.  Tlie  conducton 
n>ay  be  composed  of  two,  four,  sljc,  eight,  or  more  needles-  The 
needles  may  be  insulated  with  hard  rubber,  or  coUodton,  or  slicllac, 
for  about  one-third  of  their  length,  so  that  when  introdaced  into  i 
tumor  the  skin  may  not  be  acted  on  and  inflan^rnation  ejidted  In- 
sulaiton,  however,  is  only  necessary  in  tliose  cases  where,  as  in  lub- 
cutaneous  ua^vi,  it  is  desirable  that  the  skin  should  not  be  afectcd 
by  the  current. 

The  shape  of  Uie  point  is  of  considerable  importance,  Ro^ 
Dcedles  are  introduced  with  difficulty.  The  bayonet-i>omted  needles 
are  preferable.  The  cotnnion  glove/s  needle,  as  sold  in  the  fancy 
RtoreSj  we  have  found  to  be  easier  of  incroduction  than  any  other 
form. 

Althaus  has  employed  a  ccnduetoTt  a  niodificatlOD  of  which  ts  re^tr^ 
ftented  in  the  following  cut : 


Fic.  I3J. 
CdoducloT  far  OcctrolySL 


This  consists  of  a  conducting  wire*  composed  of  a  number  of 
wires  twisted,  with  a  number  of  branches,  each  one  of  which  is  so 
arranged  that  it  can  be  attadicd  to  a  needle  after  it  has  been  introduced 
into  the  part  to  be  treated 

The  advantages  of  this  arrangement  are  that  one  needle  or  morfl 
CJin  be  used,  and  that  the  number  can  at  pleasure  be  increased 
diminished  during  tlie  operation,  and  that  the  needles  can  be  ' 

of  the  feeble  TcststBnce  tbiu  ofTered — mct&ts  being  far  better  eondactort  thaa  t)if 
mu  body — powerful  action  takes  place  in  tlie  cetls  (ai&  is  £hown  by  Che  octire  «. 
lion  of  gases,  attended  wUh  a  boiLing  or  hiso^g  sotmdj,  tvhirli,  if  altowed  to  oootioa^ 
A2/i  k^Us  in  ami  rapidly  £tfHsumfi  th*  sine. 
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duced  in  any  direction.  In  the  conductor  which  we  have  constructed, 
and  which  is  represented  in  the  cut  (Fig.  137),  the  needles  are  united 
to  the  conducting  wires  by  being  inserted  in  miniature  cups  or  cavities 
at  die  end  of  the  wires. 


Fig.  138.  Fia  139. 


Bi^onet-pointed  Needla  for  Electroljrsii^  RodcwdI*t  Long  Needk 

innlated  and  noa-iasalated  (Kidder).  for  Electrolytis  of  Utenu 

throogh  the  Vagina  or  Um 
Walbof  the  Abdomeo. 
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Flexihh  Copper  Wire  far  Cmmtctittg  the  I^eedlet  ix  EJtthtfy* 
Opf rations. — These  needles  are  attached  to  Goaneciing  w-lres  by  Ut 
flexible  copper  wire.  Wire  of  this  kind,  it  may  be  rcinaikcd,  i*  i  fficj' 
conveuient  and  almost  necessary  ad|unct  to  an  electrolytic  caic,  <jiil  w 
the  operating-room  of  the  electro-tlierapeuiisL    It  is  Mici\iX  for  miui 


4 


NeedUf  for  Electtaly^is^  witli  Rodt- 
well'&  Needle- Haldot. 


Fic.  \4*^ 

Beard'f  Lang  Culling  NeeAci  far 
Electrolj^  of  the 
(Xteauna  and  Galvano-Fvadic  M^.  Ok) 


purposes  of  connectioD,  and  when  thtirab-scrcws  arc  out  of  order  a 
broken  off  it  very  well  supplies  iheir  place. 

Dr.  Murray,  of  this  city,  has  employed  needles  insulated  at 
ends,  leaving  an  uninsulated  portion  in  the  middle.  He 
needles  in  the  treatment  of  hydrocele  and  C)SliG  tiunorA.  They 


ELECTROLYSrS  OF  THE  BASE, 


66; 


mtrodticed  so  that  the  insulated  portion  is  on  the  skin,  and  the  unin- 
suUttd  portion  within  the  tumor. 

Mfthcd  of  Iniredu£ing  the  Netdhs. — The  skin  in  some  parts  of 
the  body  is  quite  tough,  and  needles  go  in  with  much  greater  diffi- 
<:ulty  than  one  might  suppose.  The  method  of  introducing  a  hypo- 
dennic  syringe  is  the  best  method  of  introducing  needles  for  electro* 
Jysis.  The  skin  may  he  pinched  up  and  kept  tense  with  the  left 
ha.nd,  while  the  right  pushes  in  the  needles  the  required  depth.  If 
tt  is  impossible  or  merely  di^icult  to  pu&h  the  needles  in  as  far  us  is 
needed,  it  is  better  to  let  on  the  current,  and  allow  a  little  electro- 
lytic  action  to  take  place  around  the  needle.  This  will  loosen  it  at 
the  negative  pole  (though  at  the  positive  it  will  have  the  opposite 
effect,  and  bind  it  close  and  fimi).  The  negative  needle  thus  loo^ned 
can  easily  be  pushed  further  in. 

The  pain  attendant  on  the  introduction  of  the  needles  is»  of  cotusc, 
best  combated  by  full  atitesthesia  or  by  ether  spray ;  but  there  are 
many  cases  where  anaesthetics  are  hardly  required,  where  ether  spray 
cannot  be  conveniently  used,  and  where  it  is  desirable  to  diminish  in 
some  way  the  pain.  A  mixture  of  ether  and  carbolic  acid  in  equal  parts, 
first  suggested  to  us  by  Dr.  Sterling,  has  a  positively  benumbing  effect 
on  the  part  to  which  it  is  applied.  The  mixture  can  be  localized 
to  a  very  small  spot,  and  the  benumbing  effect  begins  to  be  felt  in  less 
than  five  minuteSj  and  lasts  for  fifteen  or  twenty  minutes,  varying  with 
the  amount  used>  It  turns  the  skin  a  little  white.  The  disadvan- 
tage in  its  use  is  that  it  sometimes  makes  a  slight  sore  afterward. 

The  benumbing  influence  of  the  faradic  current  may  be  ntiliied  for 
this  purpose  (see  Electro-Anajslhesia), 

Electrciysing  the  ^djf.— During  the  past  three  years  we  have  been 
treating  malignant  tumors  of  various  kinds  by  a  method  of  electrolysis 
which  Dr.  Beard  has  termed  wrking  up  the  base^  or  dectrcfysis  of  iht 

The  ordinar)'  method  of  electrolysis  docs  not  suffice  for  malignant 
tumors.  It  will  relieve  the  pain,  but  relief  of  pain  can  be  obtained  by 
Eimple  external  galvanization  without  any  needles*  It  will  cau^e  a 
certain  reduction  in  size,  but  this  reduction  is  almost  always  limited, 
rarely  exceeding  ten  or  twenty- five  per  cent  la  aome  cases,  not  the 
slightest  perceptible  reduction  is  caused,  even  by  the  most  persevering 
use  of  electrolysis.  When  powerful  currents  are  used,  there  must,  of 
course,  result  more  or  less  destruction  of  tissue  near  the  point  where 
the  needles  are  inserttd,  and  by  successive  operations  the  entire  growth 
may  be  broken  down,  or  may  slough  away  after  the  operations  are  di* 
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continued,  and  it  is  possible  to  extend  the  operations  hr  into  the  \mt 
and  surrounding  tissues.  Some  of  our  first  cases  were  treated  in  tba 
way  ;  but  it  is  to  the  last  degree  awkward,  tedious,  and  inv<rivesagKa] 
waste  of  time  and  force. 

Method  of  Operating  by  Electrolysis  of  the  Base, — ^The  patient  nnst 
first  be'  fully  etherized.  The  method  of  operating  on  a  small  tumor  is 
to  first  insert  the  needle  connected  with  the  positive  pole  underneatfa 
the  tumor  and  near  the  border.  A  similar  needle  connected  with  Ae 
negative  pole  is  inserted  also  underneath  the  tmnor,  and,  if  possible,  tt 
some  distance  below  the  base  of  the  growth,  so  that  the  point  emergei 
on  the  opposite  side.  The  current  is  now  gradually  let  on,  and  the 
strength  increased  until  the  electrolysis  becomes  active,  as  will  be  sa- 
dicated  by  the  yellowish  foam  that  appears  at  the  negative  pole,  gradu- 
ally loosening  the  needle.  As  the  action  increases,  the  Degatnrc 
pole  may  be  slowly  worked  from  side  to  side,  with  a  slight  cutting  mo- 
tion, so  as  to  undermine  the  tumor.  The  positive  meanwhile  remuN 
in  situ  ;  it  becomes  firmly  adherent  through  oxidation,  and  need  not 
be  removed  until  the  close  of  the  operation. 


Fw.  14a. 


Electrolysis  of  the  base  m  a  cue  of  scirrina  of  the  faretit  Large  and  lo^  ac^ 
live  needle  manipulated  the  operator  in  the  healthy  tissoe,  tome  distance  friin  tke 
border  of  the  tumor.  Connection  made  by  ordinary  pontive  needle  inserted  neardv 
base  of  the  tumor. 

After  the  tumor  falls  off,  through  the  underminmg  of  its  base,  iIk 
base  itself  can  be  worked  up  in  all  directions  with  the  needles,  or 
with  the  harrow  electrode  that  we  have  devised  for  this  purpose. 
After  the  removal  of  the  growth,  it  is  well  to  change  tiie  position  of  the 
poles  in  working  up  the  base,  so  that  all  parts  of  the  snrfiuoe  any 
get  tiie  benefit  of  the  action  peculiar  to  both  polea. 
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If  the  tumor  is  a  large  one,  as  an  extensive  epithelioma,  or  scirrhufl| 
It  is  better  to  have  it  ftr&t  removed  by  the  knife.  The  base  can  then 
be  worked  up  in  the  manner  just  described. 

The  cavity  after  the  operation  haa  a  charred  appearance  and  alarms 
Ifae  pfttient  and  his  friends  unless  the^  arc  forewarned. 


Hlectrolysii  of  the  haw  of  A  scirrhus  of  ihe  breast  after  rcmovaJ  of  the  ttimor  by  the 
kntfe.  flarrow  electrode  connected  with  the  negative  pole  uid  long  culling  needle 
Mrilh  the  ptositive  fraJe. 

The  time  required  in  an  operation  of  this  kind  ranges  between  ten 
minutes  to  a  half  or  ihree  quarters  of  an  hour.  Some  swelling  and 
cedema  in  the  surrounding  tissues  follow  the  operation,  but  little  or  no 
pain,  although  the  charred  appearance  of  the  cavity  that  has  been  thor- 
oughly clectrolyzed  is  sometimes  quite  formidahle. 

Ituittiment£  R^qnifgii.^Yot  this  method  of  working  up  the  base  Dr. 
Beard  has  devised  needles^  or  electrodes,  that  are  quite  different  from 
those  employed  in  the  ordinary  method  of  electrolysis.  The  needles 
ire  long,  spear  shaped,  double-edged,  and  tolerably  sharp,  so  that  a  slight 
cutting  action  may  be  combined  with  the  purely  electrolytic  action. 
These  needles  are  not  insulated,  except  in  that  portion  that  is  grasped 
by  the  hand  in  operating.  In  nearly  all  of  these  operations  we  have 
uied  the  zinc  carbon  batteries  of  sixteen  or  thirty-two  cells,  and  usually 
those  of  the  Oalvano- Farad ic  Manufacturing  Company;  and  when  a 
l^od  deal  of  work  is  lo  be  done  in  a  short  time,  as  in  important  electro 
lytic  operations  no  batteries  are  better  than  these.  The  various  mod 
locations  of  Daniell  cells,  which  are  so  excellet^t  ir,  central  galvanisa- 
tion, are  not  well  adapted  for  powerful  electrolysis* 

ITieory  of  the  MdhotL — The  most  recent  pathological  investigation! 
MCtu  to  point  pretty  dearly  to  the  view  that  cancer,  whatever  the  dia* 
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Ihesis  tnajr  be,  is  a  local  disease,  and  affects  the  adjacent  parts  aod  tbi 
general  system  by  actual  transfer  of  the  cancer-cells.* 

If  we  accept  these  views  we  must  also  accept  the  view  that  amctr, 
whafrver  €onstittdio>mi  trrmmmt  we  adopts  shoidd  he  trraied  Ue^tiy^ 
and  i'j  some  mttk&d  of  heal  treatment  thai  aeU  twi  ^nfy  am  tht  Mj  ^ 
the  tumor  J  but  also  a  fid  especially  m  the  surrcundimg  tissut^  and  tJkgtikt 
earlier  such  treatment  is  used  the  better  the  progn^is. 

When  we  remove  the  ttimor  and  close  up  the  wound,  we  leave  the 
areola  mostly  untouched,  and  shut  up  the  cancer  ceils  in  a  soil  best  <tf  aB 
adapted  to  nourish  them.  Hence  we  need  not  wonder  that  the  disease 
recurs  either  immediately  in  or  near  the  place  of  removal,  or  that  the 
cells  wander  to  some  distant  part  where  another  tttmor  appears  iftcr 
months  or  years. 

The  morbid  or  semi-morbid  tissues  that  surround  malignant  toman 
have  been  treated  in  various  ways  by  caustics,  in  substance,  by  cirotic 
needies,  and  by  the  actual  and  galvano-cautery.  So  far  as  wc  r  \n  iearn 
from  the  experience  of  surgeons  who  have  faithfully  tried  any  oi  i-  m  aS 
of  these  methods,  the  results  are  more  satisfactory  than  the  rc^»ts 
ordinary  treatment  by  the  knife  or  ligature. 

The  iheoretical  arguments  that  electrolysis  of  the  bose  would 
diice  more  radical  results  than  the  use  of  caustics  are  ba&ed  oecessanSf 
on  our  ideas  of  the  nature  of  the  electric  force  and  of  the  process  oC 
electrolysis.    When  electrodes  connected  with  the  two  poles  of  a  p*" 
vanic  battery  are  inserted  into  the  animal  tissue,  the  vibrations  of 
electric  force  not  only  pass  between  the  electrodes,  but  extend  to 
considerable  distance  in  all  directions  from  them,  and  much  furthr 
than  the  direct  effect  of  caustics  would  reach. 

Advantages  of  the  Method . — i.  Less  liability  to  rectirrence  of  oaalig 
nant  tumors. 

We  have  kept  close  watch  of  a  majority  of  the  cases  that  have  be<i 
treated  in  thi»  way  during  the  past  three  years.  In  the  list  of  cases 
found  several  epithelioma  of  the  lips  and  face,  and  one  case  of * 
cystic  of  the  neck.  But  one  of  the  cases  of  epithelioma  of  th. 
face  has  yet  recurrel;  although  the  time  thai  has  elapsed  since 
treatment  varies  all  the  way  between  three  years  and  four  months 
The  case  of  malignant  cystic  has  not  yet  recurred.    It  is  yet  too  earlj 

•  See  "  A  Lecture  on  th«  Stracture  of  CdnceroM  Tumori,  mnd  the  Mode  in  •We* 
AJjttceat  Puts  arc  iaruied,"  by  Dr.  Woodward,  Assis^nt  Siirgeoii,  U.SA.  Tfcl 
Toner  Lectaro  of  the  Smithsonian  Institute,  Washington,  November,  1875.  S« 
»Uj  the  recent  and  admirable  discussion  on  the  subject  by  Drv  De  Mor;g»ii,  Uotdii 
ion,  Piigct,  and  others,  in  the  Lancet  for  March  and  April, 
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to  arrange  any  statislics  on  this  subject^  for,  as  every  surgeon  know3| 
some  cases  of  epitlielioma  are  permanently  cured  by  the  knife,  andtheii 
prognosis  under  ordinary  surgical  treatment  is  better  thaa  that  of  sci^ 
rhus  of  the  breast,  or  indeed  scirrhus  aDvwhere. 

Some  hopeless  cases — notably  a  case  of  scirrhus  of  the  rectumt  and 
epithelioma  of  the  vagina — we  have  treated  by  this  method  in  order  to 
palliate  the  symptoms  and  prolong  life,  and  with  die  nio&t  interesting  and 
remarkable  results.  Indet^d,  we  have  been  as  much  encouraged  by  the 
palliative  effects  obtained  in  these  hopeless  forms  of  maUgnani  disease 
as  by  the  apparently  radical  cures  of  milder  cases. 

It  follows^  from  the  theoretical  considerations  above  given^  and  ex- 
perience confirms  this  view,  that  the  results  of  this  method  of  working 
up  the  base  will  depend  entirely  on  the  thor<fUghftfss  with  which  the  op- 
graiion  is  performed.  If  the  base  be  but  half  dectrolyzed^  if  patches 
of  morbid  ti:;sue  be  allowed  to  remain,  then  there  will  be  a  recurrence, 
in  all  probabiUty,  just  as  after  other  modes  of  operating, 

a.  Less  hemorrhage  than  other  method;;  of  operating.  The  reason 
for  this  has  already  been  explained — electrolysis  coagulates  the  blood, 
constricts  the  tissues,  and  slightly  caulerixes  them.  Ordinary  paren- 
chymatous hemorrhage  is  thus  controlled  in  the  most  satisfactory  man- 
ner, so  that  if  a  strong  current  is  used^  neither  sponges  nor  styiilics  are 
required. 

3.  Less  liabiUty  to  shock.  We  form  this  judgment  frum  protracted 
operations  made  on  patients  m  various  stages  of  debility,  and  in  the 
extremes  of  life,  infancy  and  old  age.  We  have  not  yet  seen  any 
effect  at  all  suggestive  of  shock,  after  very  long  sittings  under  strong 
currents,  even  where  sensitive  localities  were  operated  on.  The 
electric  current  would  indeed  appear  to  be  one  of  the  very  best  anii- 
doks  10  shock,  and  for  a  long  time  it  has  been  known  and  used  as  a 
means  of  resuscitation. 

4.  It  is  followed  by  a  more  satisfactory  healing  than  other  operations. 
This  fact  has  been  observed  markedly  in  several  severe  and  hopeless 
cases,  and  has  attracted  the  attention  of  all  the  surgeons  who  have 
seen  the  cases, 

5.  There  is  reason  for  the  belief  diat  the  future  will  show  that  septi- 
caemia and  pyaemia  are  less  likely  to  follow  electrolysis  than  other  surgi- 
cal operationSi  It  is  more  than  probable  that  electrotyzation,  like 
cauterization,  constringes  the  absorbents  so  that  tliey  cannot  absorb 
pus. 

6.  To  all  these  facts  must  be  added  the  consideration  that  many 
pa^tients  dread  the  knife — without  reason  it  tnay  be,  and  without  coiUp 
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mon-sense ;  but  patients  are  not  expected  to  exercise  reason  or  com 
mon-sense — and  such  persons  are  willing  to  submit  to  electridty,  bov 
ever  employed. 

The  advantages  of  working  up  the  base  by  electroljrsis,  as  compared 
with  working  up  the  base  by  caustic,  the  actual  cautery,  or  the  galvaso- 
cautery,  are  worthy  of  study. 

Disadvantages  of  the  Method, — i.  It  requires  apparatus  more  or 
less  bulky,  and  they  require  more  or  less  experience  in  their  manage- 
ment. 

2.  Electrolytic  operations  frequently  require  more  time  than  open- 
tions  with  the  knife  or  ligature,  and  in  some  cases  the  operation  mast 
be  repeated. 

If  electrolysis  produced  shock,  this  element  of  time  might,  perhaps 
be  a  serious  one  ;  but,  inasmuch  as  it  appears  to  act  as  an  antidote  to 
shock,  and  as  the  stimulus  of  the  current  allows  us  to  prolong  anaestbe^ 
sia  with  safety,  and,  as  in  many  of  the  cases  where  electrolysis  is  used, 
treatment  by  knife  or  ligature  is  contraindicated,  this  objection  need 
liot  deter  us  from  resorting  to  it. 

3.  The  irritative  fever  that  follows  powerful  and  prolonged  electro- 
lytic operations  is  sometimes  severe.  The  parts  around  the  tumor 
operated  on  become  more  or  less  swollen,  but  are  not  usually  painful, 
and  this  swelling  also  soon  subsides. 

It  is  proper  to  state  that  the  ordinary  method  of  electrolysis,  if 
thoroughly  used  and  repeated  a  sufficient  number  of  times,  may  run  into 
this  method  of  working  up  the  base,  and  in  epithelioma,  at  least,  may 
accomplish  good  results.  The  body  of  the  tumor  may  be  gradually 
broken  and  destroyed  ;  and  then,  in  successive  operations,  the  needles 
may  be  made  to  work  up  the  base  and  surrounding  tissue.  Groh,*  of 
Vienna,  has  used  this  method  with  success  in  quite  a  number  of  cases 
of  epithelioma,  as  well  as  of  sarcomatous  growths.  We  have  used  the 
same  method  in  epithelioma,  and  with  success.  The  method  has, 
however,  the  sufficiently  serious  objection  that  it  first  wastes  the  time 
and  strength  of  the  patient  on  unnecessary  treatment  of  the  tumor,  and 
is  only  successful  in  proportion  as  it  falls  back  on  the  method  of  work- 
ing up  the  base  and  surrounding  tissue. 

*  Die  Electrolysis  in  der  Chirurgie,  Vienna,  1871.  Groh  has  also  treated  nrco- 
matous  growths  by  very  prolonged  electrolyds,  with  mild  cnrrent^  Thb  neCliod 
leenis  to  have  greater  bconTcnienGeaft  without  any  oompenntiBf  tdvaatageiL 
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OALVANO-CAUTERV, 

QiUi^ano-Cmttery, — Gaivano-cautcry  is  eauieri^aiien  by  a  resisting 
Wire  htaicd  by  the  galvanic  current.  It  is  \<iry  often  coufoutidtd  with 
ekctrolysis,  but  as  we  have  seen  electrolysis  is  the  decotuposition  of  a 
compound  substance  by  tneans  of  electricity.  A  slight  cauteruing  ac- 
liort  may  indi^trd  accc^inpany  etectrolytic  operations^  but  it  is  incidental 
merelyt  and  is  not  a  part  of  tlie  electrolysis,  nor  th<?  end  desired. 

It  is  a  law  of  electricity  that  when  it  passes  through  a  resisting  wire 
it  raises  its  lenipcrature  in  proporticin  to  the  resistance  of  the  wire  and 
the  qnaniily  of  the  eiectricity  (see  Elect o-Physics,  p.  So).  T/ie  wire 
thus  hiftied  is  capable  of  protiucmg  cauUri^iitig  effects.  Platinum  offers 
a  greater  resistance  to  the  passage  of  the  ctectric  currt^nt  than  any 
other  metal  except  mercury  and  leadj  and  is  therefore  used  in  galvano- 
cautery.  It  will  be  seen  at  once  that  the  electricity  is  not  applied  to 
the  body^  as  in  the  various  forms  of  electrization,  but  mly  the  Vfire 
heated  by  the  passage  vf  the  current 

Advantage  of  G^dvatto-Cautery  over  the  Actual  Gi«/^r>'.— The  one 
great  advantage  of  the  gatvano  cautery  over  the  actual  cautery  is,  of 
course,  the  fact  that  the  heat  in  the  wire  connected  with  the  battery 
can  be  controlled  at  will  It  can  be  let  off  and  on,  increased  or  dimin- 
ished at  pleasure  and  instantaneously.  With  the  actual  cautery  such 
control  is  manifestly  impossible. 

Heat  heat,  however  obtained ;  and  the  heat  of  a  platinum  wire 
through  which  a  current  is  passing  has  probably  no  advantage  as  such 
over  the  heat  of  a  poker  that  has  been  thnist  into  the  coals.  The 
advantage  lies  simply  in  the  fact  that  in  the  one  case  the  heat  is  undei 
the  complete  control  of  the  operator  during  a  long  operation  if  Deces« 
Ktry ;  in  the  other  case  it  is  not  under  such  control, 

Appm-cUus  for  Galvam-Cautery, — Galvano-cautery  operations  re- 
quire batteries  composed  of  a  few  large  cells.  Rarely  are  more  than 
eight  cells  iistid^  and  the  best  batteries  can  be  turned  into  one  est  two 
43 
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cells.  The  batteries  eiiiployeil  in  electrolysis  or  m  ordinary  g&lvan' 
tion  are  not  £Lvailable  for  galvano-cauiery — vkf  versa^  galvanoo-uici) 
batteries  are  of  but  little  use  id  electrolytic  operations  or  in  otJitan 
galvartifation.  The  explanation  is  Co  be  found  in  tlie  chafer  or 
Ohm's  Law  (see  Klectro-Physics,  ps>.  7  7-95  K 

There  has  been  great  practical  JifticuUy  in  obtaining  galvan<xai:icr) 
batteries  that  would  be  at  once  sufHcicntly  powerful  and  tonyciiientl) 
portable*  The  ori^nal  battery  of  Middeldori^fl  was  exlrcmcly  hcavj 
and  in  every  way  inconvenient^  though,  like  all  combinaliuns  of  Gmc'f 
cells,  it  wa*  very  |>owerfnL 

During  the  past  decade,  and  notably  during  the  past  tive  yens,  the 
progress  in  the  direction  of  portability  and  coavemeace  of  gshmc^ 


Fjc-  1+^ 

Byrne'i  Multiple  Element  Battery  {Shepard  ft  Dodtey). 

cautery  baitcries  has  been  rapid  and  decided  In  this  departmcni  m 
one  has  labored  harder  or  more  successfully  than  Dr.  John  Byrne,  ot 
Brooklyn,  N.  V.   After  long  and  tedious  experimenting,  he  has  cob- 


pleted  a  gaJvano-cauterj'  battery  that  is  as  portable  and  easy  to  manage 
as  arty  galvanic  battery  for  electrolysis  or  orditiary  galvanuation. 

Baiteries  that  are  noti-jjortable,  or  at  least  not  easily  so,  are  also 
made  by  all  the  companies  that  manufacture  electrical  instruments. 
Some  of  them  that  we  shall  describe  are  most  excellent.  Those  who 
make  a  large  use  of  galvano-camery  will  probably  require  two  kinds  oi 
batteries— portable  and  stationary-  just  as  they  require  portable  aiid 
stationary  faradic  and  galvanic  apparatus. 


M5-  Fig.  14*. 


Fig.  145  repre=ients  the  Piffard  galvano-cautery  battery,  and  is  not 
only  reasonably  compact,  but  exceedingly  efficient.  The  box  contains 
six  cells  of  vulcanite  and  a  platform  of  hard  rubber,  to  which  are  fas- 
tened the  zinc  and  platinum  plates.  On  the  top  of  the  platform  are 
seven  conducting  posts,  six  connecting  screws,  and  a  handle  (used  in 
connection  with  the  long  arm)  for  holding  the  elements  when  not  in 
use  and  by  which  they  are  lowered  into,  or  taken  from  the  cells.  For 
the  purpose  of  agitating  the  fluid  and  increasing  the  cautery  power, 
there  are  pivots  on  each  side  of  the  platfonn,  by  mean$  of  which  the 
elements  are  readily  moved  with  a  rocking  motion.  The  box  endosing 
the  cells  is  9  inches  long,  6|-  inches  wide,  and  10  inches  high. 

One  of  the  most  successful  att'^mpts  to  combine  a  suitable  degree  of 
strength  witli  compactness  and.  lightness  has»  perhaps,  been  made  by 
Kidder  in  the  battery  represented  by  Fig.  146*  It  is  composed  of  but 
two  hard  rubber  cells,  with  elements  of  zmc  and  carbon— each  cell 
measuring  inches  in  length,  inches  in  width,  and  will  retain  a 
number  19  platinum  wire  at  a  white  heat  for  more  than  a  quarter  of  ao 
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hour.  The  elemcTits  are  made  ta  move  on  small  wheels  hohfooialt^, 
in  their  relation  to  the  duid  m  the  cells*  This  is  a  great  ttu^jrovciuecit 
on  the  old  method  of  blowing  with  aii  air-bulb  far  the  )mr)Jo&e  of  pro- 
ducing agitation  of  the  Huid,  and  consequent  increase  of  ciurau 
strength,  aiid  seems  to  us  to  inoie  thoroughly  displ;w;c  the  batterjr 
fluid  than  any  other  method.  For  very  proloiiged  operations  this  fittk 
bjittery  is  hardly  auHicieiit,  aiid  i^hould  be  replaced  by  the  larger  ibm, 
coiisistin^^  of  faur  cells. 

£yrn^ s  MuitipU  Element  Galvano -Cautery  Battery. — Byrne's  com- 
btnatton  of  ^inc-carbon  elements  is  Che  most  compact  and  poirt&blc  bit- 
tery  lor  galvano-cautery  purposes  yet  conslnicted,  and  for  its  si^ehat 
greater  healing  power  than  any  other.  This  battery,  in  its  UtesC  modi- 
ticationf  con^iijts  of  zinc-carbon  cells,  in  a  case  Fix  Inches  long,  oiiie 
inches  high,  and  five  inches  wide.  The  plates  of  each  cdl  arc  fplit  up 
into  a  number  of  smaller  plates,  all  of  which  arc  concaiT)  iu 
of  duid,  and  are  connected  at  the  top*  By  this  arrangenK  iir- 
face  both  of  ihc  zinc  and  of  the  carbon  is  exposed  lO  the  fluid  than 
trheu      plates  are  uoC  sn  subdivided.    Besides  this  arrangement  gitrci 
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Zinc-Carbon  Galvano  Caatcry  Battery  (Gilvtnt*  Fs'-ftdic  Mtfi-  Co,|. 
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many  corners  and  angles  on  which  the  exciting  Guid  acts  with  greater 
vigor  than  on  stnooih  surfaces. 

The  plates  an!  v(*ry  near  to  each  other,  from  -f^  to  ^  of  An  inch,  sc 
that  the  inttirrul  resistance  of  the  battery  is  com|>ajatively  sntaiL 

The  arrangement  is  liuch  ihat  one  or  two  ceils  can  be  used  as  may 
be  required.  The  healing  power  of  this  sniall,  light  battery,  U  quite 
remai  kabie^  and  Is  indeed  sufficient  when  well  nurtured  for  a  very  large 
autuber  uf  ekctro-surgical  ot^eraiions. 

Dr,  Byrne*  says  diat  he  has  found  by  exi>ermicni  that  greater  heal 
may  be  obtained  froi»  tso  inches  of  surface  in  iJie  multiple  eWJiicnt 
form  (three  indies  by  ^ve)  Uian  from  378  inches  of  surface  with  rle< 


Gilvmno-Cftutery  Baltery  with  handle  ^nd  wire-loop  (Mayer  A  MdCzer*  Londoq). 

inentf  four  times  the  size.  While  the  battery  made  of  large  element* 
would  bring  five  inches  of  platinum  wWe  Eo  a  red  heat,  the  multtp]« 
element  battery  would  raise  the  same  wire  to  a  burning  white  hetC 

*  EloQtio-Caulery  b  Uterine  Surgec^,  p,  67. 
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Fig.  149,      Fig.  150, 


BUANKRS  AND  CUTTIWC-L&OPS  FOR  GaL.VANO-CaUTERY  (BrUWs). 

VlG,  [49. — H^idle  for  Burner,  with  kaob  and  spring  for  mterzuptuig 

or  Lonncctiiig  the  current* 
t  ic,  150.— Hanil'.e  and  Cutting  loDp.  FlGS, 
Fits.  151, —  Handle  for  Ciilttng-loop  where  only  ooc  band  [5  it  liberty; 

band  may  be  employed  in  holdiog  some  other  instnimect,  as 

gcal  or  aural  mirror. 
Ft<^.  152.— Burners  of  ^rious  ^apeBk 
Fig.  J53. — Burner  for  iarynx. 

Fig,  154,— Cultinjj-Ioap  for  luryux.  0  E  F 
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Care  Gatvano-Cautery  Batteries. — In  order  to  attdrj  ihc  maximum 
of  power  froiu  galvaQo-cautery^  batteries,  to  keef»  them  in  good 
working  order  much  more  care  is  necessary  than  in  the  case  of  orcUnaiy 
batteries  for  galvanization. 

The  reasons  for  this  are  twofold  : 

I,  The  chemical  action  is  very  vigorous  because  the  solutions  are 
strong  and  the  circuit  is  metallic  throughout*  In  ordinary  external 
galvanization  or  in  electrolysis  the  resistance  of  the  body  interposed 
in  the  circuit  is  so  great  that  only  a  small  quantity  of  electricity  can 
be  evolved  (see  chapter  on  Ohm's  Law) ;  hence  the  zinc  is  not  so 
rapidly  consumed. 

a.  The  galvanO'Cautery  batteries — especially  the  portable  varieties — 
have  comparatively  little  reserve  power.  If  the  soltitlon  becomes  old 
or  the  plates  become  corroded  badly,  the  heat  generated  may  be  too 
feeble  for  important  operations. 

It  is  therefore  necessary  to  frequently  renew  the  solution  entirely, 
and  not  in  part,  as  is  so  often  done  with  ordinary  galvanic  batteries. 
With  the  portable  zinc-carbon  batteries  it  is  a  great  advantage  to  thor- 
oughly soak  the  carbons  in  tepid  water  after  each  operation. 

A  practical  point  of  much  importance  is  that  when  the  zinc  platei 


Fia.  tSo. 

OalvMo-f^ntery  openting  cue  (Galvmoo-Fmdic  Mfg.  Co.)' 


^HCOWe  much  worn,  and  the  <\hunce  between  Hie  carbon  pUies  ii 
COtrcBpondirgly  increased,  the  internal  resistance  of  the  baitcties  k 
greater  and  the  power  is  diminishetL 

Actompanying  Instrumfftfs,—*\n  the  operalioTi  of  galvano-auilei*  t 
lar^e  ntimbcr  of  burners,  loops,  and  handles  is  used.  These  are  of  every 
variety  and  can  be  adapted  by  the  operator  to  tbfe  needs  of  any  ipe- 
da)  case. 


KULES  FOR  USE  OF  GALVANO-CAUTERY. 


Uses  fi/  the  Galviino  Cautery. — The  special  purposes  for  which 
gulvano-caatery  Jias  been  rccoiuniended  and  emtjloyed  are  the  folloft'- 

I.  Removal  of  tumors  of  various  kinds,  m  parts  that  are  not  readily 
accessible  to  the  ordinary  njelhods  of  extirpation — pediculated  tumors 
of  the  larynx,  polypi  of  the  larynx^  naso  pharyngeal  space,  external 
auditory  canal,  vagina^  rectum,  and  uterus.  Malignant  tuniors  in  any 
flcccTSsibls  position  may  be  removed  by  galvano-catitery  in  order  to 
avoid  hemorrhage. 

1,  Amputation  of  diseased  organs  or  parts  of  organs,  like  the  neck 
of  the  uceras,  the  tongue,  etc,  as  a  palliative, 

3.  Cauterization  of  uicers, 

4.  CaiUerixation  of  chronic  inflammations  of  mucous  membrane,  in 
the  urethra,  nasal  duct,  conjunctiva,  etc. 

5.  Cauterization  of  cancerous  tumors  10  stop  the  hemorrhage* 

6.  Cauterijiation  of  the  base  and  tis&ue  surrounding  maligriant  tumon 
that  have  been  previously  removed  by  the  knife  or  ligature. 

7.  Cauterisation  of  freciile  tumors  so  as  to  cause  coagulation,  ab- 
sorption, and  in  some  cases  sloughing. 

8»  Treatment  of  fistulae,  by  cauterizing  the  fistula  alone*  or  by  cau- 
terizing surroLmding  parts,  or  by  cauterizing  both  the  opening  and  the 
parts  surrounding,  or  by  opening  the  fistula, 

9.  Treatment  of  neuralgia  by  cauterizing  and  killing  the  nerve* 

10.  Treatment  of  prolapsus  uteri  by  cauterizing  writh  tJie  burners  the 
vaginal  walls,  and  thus  causitig  inflammation,  suppuration,  and  cicatricial 
contraction. 

Advantages nf  the  GahanehCaulery, — ^The  advantages  of  thegalvano- 
cautery  over  the  actual  and  potential  cautery  and  the  ordinary  opera* 
tiotis  by  cutting  instruments,  are  these 

I.  It  can  be  used  on  parts  that  are  not  easily  accessible  to  ordinary 
instruments* 

2*  It  saves  all  or  nearly  all  hemorrhage. 

3.  It  combines  the  after-cauterizing  effect  with  the  other  results  of 
the  operation,  as  is  sometimes  desirable. 

4.  It  ts  more  sure  in  its  action,  and  can  be  more  accurately  localized, 
especially  in  cavities^  than  the  ordinary  methods  of  cauterization. 

5.  It  is  but  little  painful  after  the  operation,  and  is  rarely  or  nevei 
dangerous. 

6.  It  is  foUowedi  like  electrolysis,  by  a  more  satisfactory  healing  than 
by  the  knife  or  ligature,  and  as  after  electrolysis  there  is  less  liability  to 
pyaemia. 
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The  one  disadvantage  of  the  galvano-cautery  is  the  difficulty  d 
managing  the  necessary  apparatus. 

This  difficulty  is  nuw  diminishing ;  the  advances  that  have  recend) 
been  made  in  this  department  will  bring  the  galvano-cautery  within  the 
reach  of  all  who  are  willing  to  devote  the  amount  of  attention  whicb 
a  new  department  must  at  first  demand. 

There  is  reason  to  believe  that  in  the  future^  with  accessible  and 
compact  appliances,  the  use  of  the  galvano-cautery  will  be  greatly  ex* 
tended.  No  one  can  expect  to  succeed  with  the  gah*ano- cautery  who  is 
not  to  some  degree  a  master  of  electro-physics. 

Rules  for  the  Use  of  the  Galvano-Cautery. — i.  For  all  large  and  im- 
portant operations  fresh  fluid  should  be  used  in  sufficient  quantity,  and 
the  battery  should  be  in  all  respects  clean  and  in  good  order. 

In  the  use  of  the  galvanic  current  for  ordinary  galvanization,  fluid 
needs  entire  renewal  but  rarely,  and  if  an  evaporation  or  waste  reduce 
the  strength,  simply  pouring  in  new  fluid  into  the  old,  or  pouring  in 
water  alone  will  answer  to  bring  up  the  battery  power  to  the  necessary 
standard. 

2.  Before  beginning  the  operation,  the  apparatus  should  be  in  thor- 
ough preparation.  Our  battery  should  be  tested,  and  the  handles  and 
wires  or  knives  should  be  carefully  overhauled,  so  that  there  may  be 
no  chances  of  bad  connection  or  bad  working  of  the  screws,  wheels,  or 
other  appliances. 

3.  In  all  operations  of  importance  it  is  almost  indispensable  to  have 
an  assistant,  whose  exclusive  duty  it  shall  be  to  immerse  and  take  out 
the  elements  as  may  be  required  during  the  various  steps  of  the  opera- 
tion, or  to  use  the  bellows  or  air-bulb  to  increase  the  strength  of  tlie 
current.  The  operator  will  have  all  he  can  do  to  control  the  instm- 
ments  in  his  hands. 

4.  The  strength  of  the  current  employed  in  the  operation  should  be 
carefully  adapted  to  the  size  and  length  of  the  wire-loop  or  knife  that 
is  used  in  the  operation.  If  too  great  a  quantity  of  electricity  is  used 
for  the  size  and  length  of  the  wire  loop,  the  wire  may  break  before  or 
during  the  operation — very  likely  very  near  the  close  of  the  operation} 
to  the  annoyance  of  the  operator.  If  too  little  quantity  of  electricity 
is  used,  the  loop  or  knife  will  not  be  sufficiently  heated,  and  will  not 
bum  through  the  tissues,  or  if  the  tissues  are  divided,  hemonhage 
may  occur. 

As  the  loop  grows  smaller  near  the  end  of  an  operation,  the  quantity 
of  electricity  should  be  diminished  by  raising  the  elements  somewhat 
in  the  solution,  so  that  less  surface  may  be  exposed  (Byrne). 
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Accurate  judgment  in  this  regard  can  only  come  from  careful  and 
f^prated  preliminary  experiiuenution,  and  from  entire  familiarity  with 
Uic  battery  employed. 

5.  In  the  case  of  malignant  growths  of  all  kinds,  the  heated  wire, 
loop  or  knife  should  go  £utBcient)y  far  beneath  or  around  the  growth 
as  to  inchide  healthy  tissue.  In  auipatatbn  of  the  cervix,  for  example, 
ihe  wire  should  be  placed  above  the  ulcerated  or  indurated  part  so  as 
to  remove  the  ent»rn  cervix,  and  very  much  more  if  ihe  disease  extends 
far  into  the  body  of  the  ntems.  , 

In  some  cases  this  would  be  impracticable,  and  then  it  is  necessary 
to  abandon  all  hopes  of  radical  or  permanent  relief,  and  content  our- 
selves with  palliation  merely, 

6.  In  cases  where  the  wire-loop  is  used*  the  traction  on  it  by  the 
wheel  or  other  contrivance  should  be  very  gradual,  and  by  intervals,  so 
that  the  surfaces  of  the  parts  exposed  may  be  thoroughly  cauterized- 
The  temptation  is  to  make  the  operation  brilliant  and  brief,  by  rapidly 
contracting  the  loop.  Those  operators  who  yield  to  this  temptation 
may  be  annoyed  by  immediate  or  secondary  hemorrhage- 

7.  When  the  shape  and  position  of  a  part  to  be  excised  are  such 
thai  a  loop  cannot  be  adjusted,  a  groove  shotUd  first  be  burned  around 
the  part  by  the  galvano-cautery  knife  (Ryrne). 

B,  The  wire-loop  or  knife  should  be  accurately  adjusted,  and  be  per- 
fectly in  position  before  the  connection  is  made  and  the  current  let 
on. 

9,  The  loop  should  not  be  contracted  -until  it  has  passed  into  the 
submucous  tissues,  and  when  passing  through  superficial  or  cellular  tis- 
sue, the  wire  should  not  be  brought  to  a  white  heat  {Byrne). 

10.  In  protracted  operations,  where  delay  is  necessary  betwceri  the 
different  stages^  the  elements  should  be  raised  out  of  the  sohilion  when 
Ihe  current  is  not  needed,  so  as  to  rest  the  battery  and  economize  its 
force. 

Aiiiiptaihn  of  Galvano-Cautiry  U  various  Deparimenis. — In  the 
adaptation  of  galvano-cautery  to  any  of  the  special  departnienrs,  one 
needs  to  be  guided  by  the  general  principles  already  laid  down.  The 
efficient  contrivances  and  modifications  of  apparatus,  and  of  modes  of 
Operating,  will  depend  on  the  skill  and  experience  of  the  surgeon,* 

Dr,  Byrne  presents  the  following  rHumh  of  his  operations  with  the 
galvano  cautery,  up  to  December  i,  : 

•  On  the  special  dep&rrnieni  of  ibc  adapLiHon  of  the  galvHno-cautery  to  grtkvcolog^^ 
ti  well  IS  for  valuable  suggestions  iti  rcgartl  to  galvano-cautery  in  generatl]  we  nuy 
rtfer  to  Dr.  Bj/me'f  work  on  the  Eleclro^Cauter^  in  Uteriiie  Surgc^. 
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"19  cases  of  epithelioma^  including  cauliflower  cancer. 


ZI 

encephaloid,  or  medullary  cancer. 

catarrhal,  inflammatory,  and  ulcerative  alfsctioiit  c<  At 

cervical  canal  of  uterus. 

5 

«i 

amputation  of  cervix  (non-malignant)b 

M 

fibrous  a.nH  fihro-^ellular  doIvdL 

4 

U 

sessile  fibroid  tumors. 

a 

II 

deep  ulceration  of  os  and  cervix. 

X 

<l 

intra-uterine  vegetation  (non-malignant). 

2 

C( 

vascular  tumors  of  urethra. 

4 

» 

granular  urethritis. 

3 

II 

hemorrhoids. 

I 

II 

perineo-vaginal  fistula. 

I 

II 

lipoma  of  scalp. 

I 

K 

lipoma  of  cheek. 

I 

II 

lipoma  of  ear. 

72 

Of  the  thirty  cases  of  malignant  diaesM^ 
17  were  of  the  uterus  alone. 
7  "    uterus  and  vagina. 

3    "      "    pennseum  and  vagina. 
I  was  of  the  left  labium. 
I    "       "  clitoris. 
I    "      "  breast 

Among  the  nineteen  cases  of  epithelioma, 
7  were  indurated  or  ulcerated  only,  and 

12  were  of  the  vegetating  or  cauliflower  character.    Of  die  lattery 
7     "    "     cervix  uteri  alone. 
3     **     "     perinseum  and  vagina. 
I  was  restricted  to  the  left  labium. 
I  of  the  clitoris." 

Dr.  Thomas  Bryant,  of  London,  has  recently  published  the  tesnlu 
of  a  large  variety  of  experiments  with  this  form  of  "  bloodless  snr^ 
gery." 

The  cases  of  imputation  of  the  cervix  uteri  with  the  galvano-canteiy 
that  have  been  attempted  by  the  surgeons  of  the  Woman's  Hospital, 
with  the  assistance  of  Dr.  Rockwell,  have  proved  entirely  satis&ctory. 
In  these  cases,  if  the  platinum  wire  be  of  sufficient  size,  and  die  catling 
be  done  slowly,  not  a  drop  of  blood  need  be  lost 

The  galvano-cautery  has  been  used  by  ophthalmologists  for  tbe  cut- 


tcmation  of  granular  lids,  and  inflammations  and  abscesses  of  the  lachry- 
mal ducts.  By  aurists  it  has  been  used  for  the  removal  of  polypi  and 
other  tumors  from  the  external  auditory  canal.  By  laryngologists  it  has 
been  used  for  the  lemoval  of  nasal  and  naso-pharyngeal  polypi,  for  the 
cauterization  of  granular  inflanimalions,  for  the  cauterization  and  removal 
of  various  laryngeal  growths^  and  fo^  tracheotomy.  One  of  the  most 
fiuccessful  workers  in  this  branch  is  VoltolinL* 

In  the  rectum  the  galvano-cautery  has  been  recently  utilized  for  oper- 
ation on  fistulic  and  for  the  removal  of  piles.  By  general  surgeons  it 
has  been  used  for  amputation,  and  for  the  treatment  of  epithelioma  and 
other  malignant  growths. 

The  following  opL'ration  by  the  galvano-caulcry  is  a  good  illustration 
of  its  value  and  etticiency  ; 

Case  CXCVll,  — We  wtre  pequ«lcd  by  Prof  Jamn  R.  Wood  to  see  willi  him  a 
patient  from  whom  he  had  Mxne  time  before  removed  a  cancer  of  the  hp.  The  miti 
Vis  now  suffering  from  a  l^-rgcr  growth  of  a  rnalignatit  chAracter,  stuatctl  on  tlie 
rfgfai  side  of  the  neck^  and  adherent  apparently  to  the  hyoid  bone.  The  tumor  was 
so  exceedingly  vasctdu  that  it  was  thought  rot  cxpeclicnt.  by  Dr,  WoM,  to  u^c  the 
knife,  and  he  therefore  delcrmineLl  to  trv  the  galvano-cautery.  The  patient  having 
been  etherut^  hy  Dr.  J.  Kdtit.  I»r,  WootJ  proceetled  to  dissect  back  the  skin; 
but  the  iubslancc  of  the  tumor  was  fovmd  la  be  so  thoroughly  broken  down,  ihat  it 
wa*  resolved  to  exllrpatc  thorougldy,  without  regard  to  lis  covering.  The  circiim- 
ferencc  nf  the  liimor  wa^  great,  that  instead  of  attempting  to  encircle  the  whole  at 
once,  Dt,  Wood  pierced  it  at  it*  haw  and  centre  by  a  grooved  direitor,  and  along 
thii  we  thru«  the  free  end  of  our  platinum  wire,  and  as  it  came  out  at  the  oppoMie 
side,  k  iro5  fastened  in  the  other  half  of  the  otwrating  haiuUc.  thus  forming  a  loop 
arotind  one  half  of  the  tumor  at  its  ba-ic.  The  circuit  was  now  closed,  the  loop 
gradually  com racfe^  an-l  the  amputation  of  the  portion  enckised  speedily  accom^ 
pushed.  The  other  half  tif  the  enlargement  was.  in  the  s*mc  way,  readily  cut  away. 
Snh^littitin^  now  the  cauJery  Icnifc  for  the  wire,  aa  much  of  the  underlying  tissue  was 
removed  as  could  be  with  wfety  attempted,  owing  to  the  position  of  the  di&eaw. 
During  theopcTatirtn  only  an  iiJ^ignificant  amount  of  bloofi  was  lost,  and  but  one 
small  artery  called  for  ligation.  No  untoward  ^fmptonlt  followed,  ftikd  the  patient 
made  a  good  recovery. 

*  Die  Anwendung  der  galvano-kau^ik \n  Innem  ties  Kehtkopfes und  Schlundkopfes. 
Wcin,  1S72,  Ori  the  Application  of  the  Galvano-Cantery  to  LAryngologf.  See  alw 
Cohen*s  Diseases  of  the  Throat,  l87> 


CHAPTER  IV, 


BENIGN  AND  MAUGNJtNT  TtJUOItS, 

The  success  of  the  electrolytic  procedure  in  benign  and  malignial 
tumors  depends  on  the  method  used.  One  may  fail  by  one  proce%s  and 
succeed  by  another,  just  as  in  any  other  surgical  operation.  The  ten- 
dency has  been  to  be  satisfied  with  the  mere  employment  of  gaivano- 
ptincture,  without  regard  to  the  method,  and  to  accept  the  results, 
whether  favorable  or  unfavorable,  as  serving  to  settle  the  question  of  the 
value  or  uselessness  of  electricity  in  surgery. 

In  electrolysis  everything  depends  on  the  method  ;  and  with  the  same 
method  skill,  care,  and  thoroughness  may  succeed,  when  awl:wardness, 
carelessness,  and  inattention  fail  utterly.  The  failure  of  electrolysta  ia 
any  form  of  timior — benign  or  malignant — is  not  to  be  counted  a  re- 
proach until  we  know  the  actual  method  used  and  the  character  of  the 
operator. 

The  errors  that  have  been  and  are  continually  made  in  electrolytic 
operations  begin  and  end,  as  we  have  seen,  in  ignorance  or  forgetful- 
ness  of  the  laws  and  facts  of  electro^physics  and  electro-physiology,  aad 
especially  of  the  former.  No  one  can  be  a  scientific  and  successful 
electrO'Surgeon  without  also  being  more  or  less  of  an  eJcctro-physict&L 

UMVl — ERECTILE  TUMORS — ANGJOMATA — MOnTHKIt's  MARKS. 

Nsevi  (erectile  or  vascular  tumors)  are  both  cutaneous  and  subcu- 
taneous. The  terjus  cutaneous  and  subcutaneous,  however,  simply  in- 
dicate a  difference  in  scat,  but  not  in  kind.  The  two  forms  mre  often 
associated,  and  the  wide-spread  dilatation  of  cutaneous  vessels,  attended 
with  little  swelliiig,  that  are  commonly  called  "mother  sjxits,"  arc  evi- 
dently similar  in  character  to  the  subcutaneous  variety  to  which  JJcH 
gave  the  nanae  of  aneurism  by  anastomosis.  Erectile  tumors  may  be 
either  venous  or  arteriah 

This  variety  of  tumors  may  be  treated  by  the  ordinary  method  d 
electrolysis,  with  a  good  probability  of  success^  provided  the  conditioDl 
if  success  are  skilfully  observed. 
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^  *.  i%  first  of  all  nL'cessary  to  understand  that  to  cure  all  form*  of 
en  ailft  tumors  elcctrolytically  without  leaving  any  scar  or  trace  ii 
BiinjtSy  impossible.  In  many  caseSf  and  notably  in  those  of  larger  nie, 
ai  (I  which  are  partly  cutaneous  and  partly  subcutaneous,  sooner  or 
1;  tef  destnicdon  of  tissue  is  requisite  to  bring  about  a  cure ;  and  de- 
f  tnii-iion  of  tissue  after  electrolysis,  like  destruction  of  tissue  after  the 
use  of  Other  agents,  is  followed  by  cicatrization. 

IVhen  the  naevus  is  small  and  superficial,  then  a  mild  electrolytic 
o|KTation  maybe  followt^d  by  a  shrinking  of  the  tumor,  and  a  rapid  and 
peitiianeiit  absorption  of  the  dtbris  without  any  scar  j  but  such  cases 
can  hardly  be  said  tc  constitute  the  majority.  The  scars  foUotving  the 
electrolytic  treatment  of  nsevi  may,  however,  rapidly  di&appear;  at  least 
th*?  little  patient  may  in  time  entirely  outgrow  them. 

It  is  necessary  to  be  understood,  in  the  second  place,  that  the  elec- 
trolytic operations  for  n^vi^  as  for  other  kinds  of  morbid  growths^  are 
usually  sufficiently  painful  to  require  some  form  of  local  or  general 
aniEsthesia-  It  is  almost  absolutely  sa/t  to  give  ether  to  young  chiU 
dren  ;  and  the  operation,  even  though  it  be  but  very  short  aJid  but  little 
painful,  can  be  conducted  far  more  successfully  when  the  child  is  an%s< 
thetized  than  when  it  is  not.  With  adults,  and  sometimes  with  children, 
local  anesthesia  by  ether  5i|>ray  is  sa(5icient ;  but  it  is  generally  inferior 
to  general  anicsthesia.  The  struggles  of  the  child  to  get  free,  its  terror 
at  the  sight  of  the  instrumentSi  can  all  be  saved  by  a  carefully  adminis- 
tered anaesthetic  The  details  of  the  operation  diflter  with  the  site  and 
character  of  the  tun>or,  Success  has  followed  the  use  of  both  poles  in 
the  tumor,  or  only  one,  while  the  connection  is  made  by  a  sponge-elec- 
trode on  some  indifferent  poinL  If  the  tumor  be  small,  and  but  one 
pole  is  used,  it  is  bettei  that  it  should  be  the  positive,  since  the  clot 
formed  at  the  positive  pole,  though  small,  is  hard  and  firm.  If  the 
tumor  be  large*  needles  connected  with  both  poles  may  be  used. 
Whether  one  or  more  needles  are  to  be  used  depends  on  the  size  of 
the  tumor,  but  generally  one  needle  connected  with  each  pole  is  stifB- 
cient.  If  many  needles  are  used,  it  is  difhculc  to  manage  ihem  ;  and 
some  may  fall  out^  and  thus  disturb  the  operation.  It  is  better,  as  a 
rule,  to  rake  out  the  needle  at  different  stages,  and  insert  it  in  various 
parts,  until  the  entire  growth  is  acted  upon.  We  have  sometimes  found 
it  of  advantage  to  reverse  tl^e  current  during  the  operation,  so  that  all 
portions  of  the  tumor  may  be  acted  on  by  both  poles.  Insulation  of 
the  needles  is  only  required  in  the  case  of  entirely  subcutaneous  tumors 
—where,  as  in  the  case  of  aneurism,  it  is  desired  to  produce  a  coaguluin 
(which  may  be  slowly  absorbed)  without  injury  to  the  skin. 
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The  length  of  the  operation  may  range  between  five  and  tventy-fin 
minutes,  according  to  the  strength  of  current  used,  the  size  of  the  needier 
and  the  size  of  the  tumor. 

The  great  point  in  all  electrolytic  operations  for  njevi  is  to  dc  jw 
enough  without  doing  too  much.  If  the  opeiation  be  not  reasonably 
thorough,  absoption  will  not  take  place,  or  the  tumor  may  recur.  If 
the  operation  be  too  extensive  or  prolonged,  the  destruction  of  tissue 
may  be  greater  than  is  needed,  and  the-  subsequent  cicatrization  may 
amount  to  at  least  a  temporary  deformity.  For  very  large  and  semi- 
cutaneous  or  semi-subcutaneous  naevi,  that  exhibit  a  tendency  to  spread 
in  all  directions,  it  is  necessary  to  place  the  needles  at  or  near  the  base 
of  the  tumor,  and  in  the  surrounding  tissue,  among  the  enlarging  and 
tortuous  vessels,  in  a  manner  somewhat  resembling  the  method  of  elec- 
trolyzing  the  base  of  malignant  tumors.  If  such  tumors  are  treated 
timidly,  no  good  result  will  come,  and  the  operation  may  be  several 
times  repeated  without  satisfaction. 

The  advantages  of  the  electrolytic  procedure  in  naevi  are  these  : 

z.  In  small  and  superficial  tumors,  the  cure  may  be  effected  with 
little  or  no  scar.  On  the  face  and  other  exposed  parts  of  the  body, 
this  advantage  is  very  great. 

2.  In  large  nsevi,  and  those  which  are  partially  or  entirely  subcu- 
taneous, the  liability  of  recurrence  would  be  less,  and  probably  the  ex- 
tent of  the  cicatrization  would  be  less  than  after  the  ordinary  method  of 
treating  these  growths. 

SuScuiatuvus  ertdiie  tumor  of  tkt  right  ekitk;  eompUttrteooery  foll&mt  €lteir»fytk 

treatment. 

Case  CXCVIII.— In  April,  1871,  Dr.  D.  F.  Reynolds  consulted  usin  regard  to  tl«  ■ 
case  of  a  little  child  aged  eight  months,  who  was  afflicted  by  a  subcntaneons  erectfie 
tumor  in  the  ri^ht  cheek.  It  appeared  shortly  ailer  birth,  and  had  gnduaUjpenlaiiged 
until  the  date  mentioned,  when  it  measured  one  and  a  half  fnchea  in  width  and  bam 
one-half  to  three-quarters  of  an  inch  in  depth.  Upon  firm  pressure  the  enlargement 
would  almost  entirely  disappear.  The  patient  having  been  placed  under  the  influence 
->f  chloroform,  we  operated  at  Bellevue  Hospital,  in  the  presence  of  Dr.  Frank  Ham- 
ilton and  his  class,  by  introducing  into  the  four  quarters  of  the  tumor  four  small 
gilded  steel  needles  insulated  to  within  one-quarter  of  an  inch  of  the  points^  Two  of 
the  needles  are  connected  with  the  positive  and  two  with  the  n^ative  pole. 

During  the  passage  of  a  current  of  very  moderate  tension  the  enlai^ement  gradually 
grew  harder  and  more  prominent  as  the  blood  coagulated,  and  at  the  expiration  of 
eight  minutes,  when  the  needles  were  withdrawn,  the  part  was  quite  &nn.  The  duU 
saiBTered  no  inconvenience  during  or  after  the  operation,  and  when  seen  the  next 
morning  was  as  well  and  playful  as  usual.  The  proces;  of  absorption  toon  becamr 
manifet>t,  and  in  two  months  three-quarters  of  the  clot  had  disq^eared. 
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From  thiB  lime  there  vrm  ft  most  mark«d  decrcAw  in  the  n|udUy  of  abwrpdont 
itncc  but  two  niontha  more  were  requireil  befoie  the  dot  had  entirely  disippeared. 

A  i^rg£  ssrteriitt  turner  in  a  wiak^  iii  HtfMrishid  child ;  the  rtmtt  0/  etKtralytU 
trmtment  uHfatis/aet&ry^ 

Case  CXCIX, — Annie  ,  a  child  aged  one  year,  was  dtrccted  to  us  b7  Dr.  H.  P, 

FornhrLtn.  Qn  her  back^  over  the  upper  dorsal  vertcbcsc,  we  found  aUrge  flueluatiiifi 
ftrteriai  tumor,  nearly  two  inches  in  diameter  j,t  its  base. 

The  child  M'a$  titarkedly  aj;2cinic,  and  her  general  condition  waj  much  below  p&r„ 

It  was  thought  best,  however,  to  operate,  and  in  the  presence  oT  Dri.  Fainham, 
Pinkney,  Gr&at^  and  others,  the  needles  wcte  used  La  the  same  mjuiner  in  the  pre- 
vious case.  Coagulation  was  rcaJily  produced,  bm  owuig  ti>  some  unpleasant  symp- 
toms in  the  respiralion  of  the  child  the  needles  were  withdrawn  (as  the  prugrev  of 
the  case  subsequently  aHesiedJ  a  Uitle  prematurely. 

Absorption  set  in  very  Jowly  indeed,  nnd  after  A  few  weeks  its  effecls  were  barely 
perceptibte.  After  a  cuupLe  uf  months  it  was  evideut  that  the  circulation  in  one  por- 
tion was  hej^'nning  to  be  rc-csuhUshedj  but  ih*;  raotiicr  rcfu-^cil  to  nilow  anything 
more  tu  be  done  for  the  little  j>atLent.  It  should  be  stated  tlint  on  the  night  follow- 
ing  the  oper^tton,  tlw  child  was  attovved  to  lie  upun  its  back  with  the  hard  enlarge- 
tncni  uf  cDa{;uldltid  Mood  entirtrly  unprotected,  Sub^eiuently  a  soft  circular  ring 
was  pr4!parcd  and  plnced  aruund  the  tumor,  hut  the  Irritation  already  caui>ed  by  the 
pressure  was  followed  by  sU^ht  ulceration  and  di^barge. 

This,  however,  healed  in  the  course  of  two  w«ki,  but  tt  undoubtedly  contribuled 
Loward»  the  general  unsati^actory  result.  The  sluwnez  with  which  the  absorbing 
procc^  wa^  carried  on  is  to  be  attributed  nndoubredly  to  impaired  nutrition,  an«I  tlti 
re-es£ahlishmcm  of  the  circutlnion  mainly  to  i1j«  unfortunate  nece^ty  of  culling  ihoi  ■ 
the  operation. 

Artiri^trHtiUtHmQrfrcmhrthinAi^hiidfifUeH  mmthi  ffid ;  complete  recovery 
under  ei^troiy^utn. 

CAiiE CC. — In  a  little  child  fifieen  months  old,  upon  wliufu;  face,  neartbe angle 
of  the  tower  jaw,  a  &mall  erectile  tumor  liad  existed  from  birth,  dectrolysis  was  com' 
ptctely  successful.  The  patient  was  placed  under  the  influence  of  chloroform,  and 
two  platinum  needles,  insulated  to  within  one-third  of  an  inch  of  the  points,  and 
connectwl  with  the  j.x»^ititfe  pole,  were  introduced  into  the  two  lower  quarters  of  the 
tumor  ;  while  two  steel  needles,  connected  with  the  n^;atire  pole  and  io&ulated  in  A 
dinilar  manner,  wert;  thrust  Into  the  two  upper  quarters.  The  current  trom  twelve 
medium-s)«d  ceUs  of  a  ZLnc-carbon  battery  was  allowed  to  pasa  for  ten  minutes,  at  the 
end  of  which  time  the  coagulation  wjis  camplcte.  Absorption  of  the  clot  rapidly 
became  nutnlfest,  and  In  four  months  il  had  entirely  disappeared,  leaving  no  Kcar. 

lu  subsequent  operations  we  have  not  hcsiuttd  to  use  steel  orgiJd^ 
needles  for  the  positive  pole,  since  the  oxidation  which  these  neetJIes 
undergo  in  all  probability  tends  10  accelerate  coagulation. 

SHicutaH<Qm  ertftiU  tumor  treated  hy  e!ectrs!yiis  s  too  itr^ng  turrtnti  %utd ;  tub* 

icquent  siijughing. 

Cask  CCI. — A  the  request  of  Dr.  Geo.  K.  Smith,  we  operated,  November  33, 
(871,  on  a  case  of  subcutaneous  erectile  tutnor,  just  over  the  inner  angle  of  the  eye 
44 
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Ill  n  child  uxtcen  months  of  Rge.    Tlie  tumor,  which  was  ahoot  The  si>e  of  ■ 
rtutf  could  easily  be  compfe^ied.    TKe  child  wM  tijoroughly  ^thcf  i^cd  witli  the  umi* 
uice  of  Dr.  F.  H:.  Colton^  jLnd  three  insuLsletl  needles  were  tn^cried  iato  the  tunur— 
Iwa  connected  with  the  po^tive,  atid  one  with  the  negative  pole. 

The  current  was  from  siitlcen  weak  cells;  the  4M»if  twenty  minucc&  The  oofai 
of  the  tumor  changed  during  the  operation  and  became  hard  through  Jhc coAgnUcia^ 
Subsequently  thi  Itifuor  sloughed  at  certain  points,  and  the  remit  vn£  oot  wttsfadory, 
once  a  dcfof  mity  was  left  Lh&t  nuy  be  permanent. 

The  mistake  we  made  was  in  using  too  strong  a  current  and  axMliUy 
prolonging  the  o[>eration.  In  our  desire  to  avoid  repeatiog  die  opera- 
tion, we  went  to  the  other  extreme. 

The  delicate  skin  of  the  cbitd  was  so  aiTected  by  the  action  of  the 
curretu  that  sloitghing  ensued  in  spice  of  the  insulation  of  the  needles^ 
This  mistake  is  one  that  Can  be  easily  avoided, 

Dr,  Rockwelt^  by  a  somewhat  raje  coincidence^  treated,  within  a  conv 
paraiively  short  time*  four  widespread  naevi  involving  the  nose.  The 
first  case,  sent  by  Dr,  Lafayette  Ranney^  submitted  to  two  operation*. 
The  first  successfully  obliterated  the  dilated  vessels  of  onc-haif  the 
nose ;  but  circulation  becoming  re  established  in  the  other  half,  a  sec- 
ond operation,  performed  after  an  interval  of  several  months,  resuhcd 
in  complete  recovery.  The  second  case,  sent  by  Df.  Steptieu  Smith, 
was  apparently  successful ;  but  as  it  passed  from  under  his  observation, 
he  is  uninformed  of  the  tiltimate  result.  The  remaining  cases  recovered 
protnptly  after  a  single  operation,  and  with  hardly  an  appreciable  scar- 

Drs,  L.  I*\Sass  and  R.  Lincoln,  of  this  city,  have  comniimicated 
to  us  the  details  of  an  interesting  case  of  successful  treatment  of  a 
venous  erectile  tumor  of  the  neck  : — 

The  [iatientj  Geo.  K-,  aged  33,,  of  nervous  tcmper»nimt,  reprtsfrn ted  that  in  Aprfl. 
lti69i  after  a  special  etToit  in  public  speaking,  he  felt  a  pain  in  his  neck,  on  the  left 
!idc.  SU  weeks  Uter  a  small  tumor  appeared  in  the  locMity  of  the  fiain,  whitrli  id  t 
few  months  increased  much  in  sixe.  It  wa&  subsequently  reduced  by  ialphur^balhs 
cathartics,  tincture  nf  iodine^  etc,,  but  retmnietl^  and  in  February,  1870,  was  again 
reduced  by  the  same  treatment,  wlikh  lt?ft  him,  however,  exceedingly  we^k.  JnHj  4* 
durirtg  the  excitement  of  a  public  reception^  the  tumor  again  appeared*  with  Bcrrerc 
pain,  loss  of  voice,  and  feeling  of  sufTo-caiion,,  so  ithat  death  appeared  ijniruncnt  ;  and 
again  it  «-a-S  dispelle>l  by  the  ^me  treatment.  On  account  of  the  frequency  of  thcM^ 
and  the  exhaustion  that  fQllowed  the  treatment,  the  patient  was  compeUed  to 
the  public  position  which  be  lield,  and  retam  hornet 

When  he  came  under  the  obsetratioD  of  Drs.  Sa-^  and  lincaln,  a  tumar  of  ihe  siv 
of  a  large  goose's  egg  wtts  found  on  (he  left  side  of  the  tn  the  antcro-snfcrio' 

portion  of  the  region  dehned  by  the  stemo-clctdo-mostoid  and  trapentu  muscles  ana 
the  clavicle.  The  tracliea  w-aa  parted  half  on  inch  ifn  the  right  of  the  raediaa  k'soe. 
The  tnmoT  was  rounded,  smooth,  and  reat^y  compreEaihle ;  hut  tSx&  ccHnpreados  I 
returned  to  Its  natural  shape. 
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An  ntCadc  of  int^igesHon^  active  exeroi^iCi  or  menta]  excitement  of  mAj  Icind,  would 
caai^  ihc  tumor  Co  increase  sometimes  to  twice  Us  usual  size, 

5cpt.  30,  l^jOf  in  the  presence  of  Un.  Hajnmond  and  Hackley,  the  patiolt  wftl 
anjesiheiued  and  submitted  lo  electrolytic  trcaiLment.  Foot  gilded  steel  needles,  in- 
iuUt<d  to  oBc-half  or  tiircc-fourtiis  of  at)  inch  from  their  puintf,  were  introduced  into 
the  four  quarters  of  the  tumor ;  the  two  upper  being  one  Aod  cme-fourth  bch  apart, 
and  one  inch  alcove  the  lower,  which  were  one  inch  apart.  The  two  inner  needles 
were  coQiiected  with  the  subdivided  anode,  and  the  two  outer  wtth  the  subdivided 
ihodc,  At  first  icn,  then  fifteen  element*  of  a  battery  simtlar  to  Stdhrcr^s  were  era- 
ployed^    The  streDgth  of  the  current  wa^  increased  (j^adually. 

At  the  expiration  of  fifteen  rpinutes  the  two  lower  needles  were  disengaged  from  iht 
curncnt,  thus  concentrating  the  whole  force  upon  the  two  upper;  at  the  expiratloq  of 
fifle^ii  minute*  more  the  nwdles  were  removed, 

Hiiriog  the  operation  all  the  pruminenceof  the  tumor  disappeared,  anti  n  delicnte 
examimLtion  detected  a  hard  ma^  in  its  place  ;  not  a  drop  of  blood  craped  on  the 
removil  of  the  needles.  The  skin  over  the  tumor  presented  a  bright  bluUi,  and  the 
Iracbea  had  rcturnoi  to  its  proper  position.  The  paltent  kept  quiet  for  three  days, 
usin^  a  cold*  water  compress.  At  the  end  of  that  lime  the  soreness,  which  had  been 
consictcri\ble»  hsA  nearly  all  passed  away. 

At  the  la:e«t  date,  October  34th,  the  patient  wa«  well,  and  "  the  induratiou  in  the 
neck  wa$  steadily  diminUhing  in  sixe." 

Goiires. — Goitres  are  to  be  treated  by  ordinary  electrolysis  with  sharp, 
bayonet-shaped  needles,  which  may  be  either  insulated  or  non-insu- 
lated. Needles  thai  are  smoothly  institated  can  be  inserted  through  the 
skin  of  the  neck  without  very  much  more  difficulty  than  non-insulated 
needles ;  but  if  the  insulation  be  roughly  put  in,  the  difficulty  in  inser- 
tion may  be  very  great.  An  advantage  of  non-insulated  needles  is  that 
by  the  action  which  takes  place  in  the  skin  around  it.  the  needle  be- 
comes loosened  ac  the  negative  pole^  and  so  can  be  pushed  in  still  fur- 
ther without  difficulty.  For  goitres  of  all  kinds  the  negative  pole  la 
much  preferable  to  the  positive  pole,  just  as  in  cystic  and  fibroid  tu- 
mors. There  is  no  danger  ia  inserting  a  needle  even  into  a  small 
gottre  to  a  considerable  depth,  say  one  or  two  inches.  By  great 
carelessness,  it  woutd,  we  5Upi>ose,  be  possible  to  wound  the  carotid 
artery.  We  do  not  usually  employ  an  anecslhetic  in  the  operations  on 
the  neck  ;  we  lind  that  the  ether  spray^  or  local  application  of  a  mix^ 
ture  of  carbolic  acid  and  ether,  equal  parts,  prevents,  to  a  considerable; 
extent,  the  fear  of  the  introductionj  which  the  patient  much  dreads, 
at^d  which  is  really  more  severe  than  the  pain  of  the  electrolysis  aftef 
the  needles  are  in  position. 

In  a  few  cases  we  have  observed  that  the  needles,  when  inserted  in  a 
goitre,  cause,  by  reflex  action,  pain  in  the  forehead  ;  in  other  casei 
nausea  and  a  tendency  to  faintn«  ss  are  observed.    The  majority  of 


693 


6EKIGN  AND  MALIGNANT  lUMORS. 


patients  do  not  bear  an  operation  of  more  than  from  five  to  fifteen  on 

utes,  which  may  be  repeated  two  or  three  times  a  week. 

This  purely  electrolytic  treatment  may  be  varied  by  external  gaha 
nization  and  faradization  yfith  strong  currents. 

There  is  no  question  that  external  galvanization  and  faradization  wita 
strong  currents^  both  steady  and  interrupted,  will  cause  a  considerable 
reduction  of,  and  sometimes  completely  dissipate  goitres ;  and  even  wfaeo 
these  methods  do  not  cause  any  perceptible  diminution,  they  at  leui 
relieve  the  sense  of  pressure,  the  heaviness,  and  the  sense  of  suffocation, 
or  of  choking  that  goitres  often  cause.  External  electrization  alone  is 
not  as  satisfactory  as  electrolysis  with  needles. 

The  prognosis  of  gottre,  under  electrical  processes,  varies  with  the 
nature  of  the  tumor.  Those  which  are  small  and  soft  noay  disappeai 
entirely  and  permanently.  Those  that  are  large,  provided  they  are  not 
too  hard,  may  also  entirely  disappear.  The  cystic  variedes  also  give  a 
good  prognosis.  Those  that  are  both  very  large  and  very  hard  may 
diminish  a  certain  percentage,  but  they  do  not  entirely  disappear.  The 
best  method  of  estimating  the  results  of  treatment  is  to  take  measure^ 
ment  of  the  neck.  Almost  all  goitres  will  go  down  more  or  less,  and 
usually  at  the  outset  of  the  treatment  Afterwards  they  recede  more 
and  more  slowly  ;  and,  even  in  those  cases  where  the  cure  is  complete, 
the  last  quarter  will  require  more  treatment  than  the  first  three-quar- 
ters.   This  is  true  of  all  hard  growths  that  are  treated  by  electricity. 

(ivitrg  of  tkret  years'  standing — Rapid  reduction  and  approximate  cure  under 
vano-puncture — External faraditeUion  with  very  strong  currgnis. 

Case  CCII. — MarcU  30,  1874.  We  were  called  to  treat  a  cose  goitre,  where 
the  measurement  aromid  the  neck  was  sixteen  and  one-half  inches.  The  patient, 
was  a  young  man  twenty-one  years  of  age,  and  the  growth  had  existed  three  yean.  The 
tumor  was  moderately  but  not  exce^vely  hard.  We  commenced  treatment  with 
electroly»%  the  needle  being  passed  into  the  centre  of  the  tumor.  In  one  week  half 
an  inch  was  gained  ;  in  five  weeks  one  and  a  half  inches,  which,  in  effect,  amoanted 
to  a  cure.  We  used  only  mild  currents,  combined  with  external  faradization,  with 
rery  strong  currents,  violently  interrupted,  as  sug^ted  by  Meyer.  The  result,  there* 
fore,  was  due  to  the  combined  effect  of  different  kinds  of  electrization. 

The  great  majority  of  cases  of  this  kind  will  become  reduced  ten,  fifteen,  or  twenty 
per  cent.,  and  will  become  stationary.  Even  in  this  case  the  rednction  of  the  last 
quarter  inch  consumed  as  much  time  as  all  the  rest  of  the  core. 

In  the  above  case — which  may  be  regarded  as  a  type  of  the  more 
ticcessful  results  of  electrical  treatment  in  gottre — the  galvano-punc 
ture  certainly  accomplished  more  than  the  external  faradization  with 
strong  interrupted  cwrents.   The  latter  method  did  something,  and  b 


CYSTIC  TUMORS. 


of  tnal  la  the  treatment  of  goitre  in  connection  with  j^vano- 

e, 

SitaJy  dtcrtase  in  site  under  tJ^iernal galvoHitatiitn  and  elfctr^lytis, 

CAiiE  CCI1L~I^  VV-t  a  g^irl  ayed  {ourtcvii  yc&is^  firi^t  observoi  four  ycoj?  isuice  * 
htiifhl  entafgemcflt  uf  the  thyroid  gland.  It  rapUUy  increiised  m  »ize  until  December  5, 1S71, 
Wboi  ^lieprcKRied  hei  !>cir  Tur  exajni nation  it  was  one  and  a  half  inches  in  deptJi,  uid 
two  inches  in  widili^  reaL-Jiii^  to  ih.t  anterior  border  of  eiLhcr  st^mo-dcido-mastoidcQf 
iiiuscL^  The  mass  waa  quite  movible  aijd  did  not  «)  any  way  cauM  biconvenieacc, 
excefituig  when  Uie  atlcmptod  to  sing.  Iodine^  buth  Internally  and  eKlcrn4lly„  had 
iteKB.  used  witbuiit  apprcLiaUe  tienefit.  For  the  fir^t  two  raonlhs  localized  txtern^i 
i;dvatti£atLun  repeated  twlci:  a  wedc,  wba  aiotic  trLcd^  rculting  m  do  diminutiioii  in 
the  lUe  of  the  welling,  but  in  a  veiy  decided  alleviation  of  the  di&tre^ng  seasaiwn  of 
sinuicting*  wluch  invartably  occurred  whenever  she  attempted  to  idjig. 

SubsctjUcDtly  ill*  nccdlca  were  introduced,  suid  to  this  dale  the  tumor  has  steadily 
decreased  in  ssxc*  unt;t»  June  i,  it  wa^  onc-quiirtv  ortgiiial  size,  atid  it\t  indications 
were  ihsX  it  wocdd  entLrcly  dLsappear.  The  needle  binaH  glorer'j  needle)  was  in- 
troduced SOUK  twenty  tuue»,  but  u  the  |xdu  produced  iwas  very  idight  no  dUorofann 
was  uxdr 

Dt^^ipaUnn  9/  0  gc^irt  qJ  Ji/teen  maniAs'  Jtanding  under  ejFftrmtl  localised  ja/- 

Ca^k  CCTV. — Mi^  H,i  a  young  lady  aged  24,  was  directed  to  us  by  Dr.  j.  Ma- 
rion Sims,  Nov  26,  1^72. 

Fifteen  months  before  she  observed  in  the  neck  a  slight  enlargement,  which  grew 
wiLfa  cantflderable  rtipidity.  CM  ex.aininAtion,  we  found  a  goitre,  Lhat  spread  widely 
all  over  the  anterior  portion  of  tht;ncck,  extending,  iudeedp  beyond  the  uutcr  margin 
of  eitbet  stemo-cleido-masloid  muscle-  The  measiLremeut  around  the  moit  prunii- 
neot  portion  wo:^  14}  inches. 

We  first  attempted  dmple  external  tocaltied  galvanization,  witli  tlie  effect  of 
rcluciiifi  the  nicasiurcmen(  in  13  stances  to  13  inches.  The  deformity  was  now  barely 
|Krceptible,  and  decreased  with  characteristic  ilowness,  but  finally  completely  disap- 
peared after  some  [5  ntlditionol  applications.  At  the  dose  of  the  Li-eatrnent,  the 
neck  measured  Just  12ft  incbeSL 

Cystic  Tumors. — Hcnign  cystic  tumors  may  be  successfully  treated  by 
the  ordinary  method  of  electrolysis.  We  have  treated  a  number  of 
coses,  small  and  large,  and  with  excellent  results.  The  abject  of  the 
electrdytic  procedure  in  benign  cystics  is,  of  course,  very  different 
from  the  object  of  the  same  procedure  in  nsevu  The  therapeutical 
action  of  the  citrrent  on  cystics  is  somewhat  complex. 

I  St.  The  fluid  is  decomposed.  The  gaseous  products  of  this  decom* 
position  someliuies  escape  tlirotigh  holes  niade  hf  the  needles. 

3d.  The  walls  of  the  cyst  are  stimulated,  so  that  the  fltiid  is  absorbed^ 
and  thvis  the  turaor  is  caused  to  shrink*  This  is,  in  fact,  the  rationale 
af  electrolysis  in  hydrocele. 
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3d  Decomposiiion  of  the  walls  of  the  Cysts.    This  Uke*  pUce, 
course,  only  when  uninsulated  ueedles  are  used.    When  the  nccdla 
&re  insulated  near  10  ti^e  end,  the  walls  of  the  cyst  are  not  acted  oa. 

4th,  EvacuatioD  of  the  fluid  contents  of  the  cyst  without  tlecompo 
sition.  This  result  may  follow'  puncture  of  any  kind,  even  vben  au 
electricity  is  used.  It  is  more  likely  to  follow  electrolysis  with  the 
negative  needle,  for  the  reason  tiiat  the  needle,  when  not  insuUtcd, 
acts  OP  the  walls  of  the  cyst^  and  enlarges  the  opening  tuade  by  tbe 
needle. 

In  operating  on  cystic  tumors  by  electrolysis^  the  best  f>rocedure  it 
to  insert  a  needle  connected  with  both  poles.  The  positive  Deedle  mj 
be  kept  hxedt  while  the  negative  is  worked  in  various  directions,  so  u 
to  act  upon  all  the  inner  surface  of  the  cyst,  and  also  to  enlarge  sone* 
what  the  hole  made  by  the  needle  in  the  walls  of  the  ttimor,  so  ai  to 
allow  free  exit  of  the  J3uid  or  gases. 

Large^  long,  cutting  needles  are  usually  preferable  when  the  tumor  ii 
large ;  but  for  small  tumors  almost  any  kind  of  needle  vril]  answer. 


Fig- 

Benign  Cystic  or  Erectile  Tumor,  treated  hy  ordinary  eiectrolyiii  by 

nMdlcs. 

CjFitk  fuMor  ef  ferthtad  of  /^ty  year^  ttattdittg  ;  imtrnttiiatt  attd  /ermmmgmi  tmn 

Case  CCV. — Mr^.  H.,  A^tsi  6o»  wc  &rit  saw  iu  cua&ukxdoa  with  Dr,  A.  W. 
iin,  of  Brooklyn,  Nuv.  9^  1871. 

For  forty  yeArs  she  had  been  aQlicted  with  a  tumor  an  the  forcKead,  whkJ,  la 
pearance  and  size,  and  in  its  feel  wid  compressibility  at  the  time  wc  saw  {t,  cuctlf 
rcsembli^  a  ripe  Isabella  grape  This  appearance  had  not,  however*  been  comtnili 
Its  £ize  varied,  and  at  one  tioief  after  stooping,  it  had  coosidleraibly  enlaigedi  sad  ft  idi 
connected  with  U  and  leading  towards  the  upper  part  of  the  do»  became  svoUa  tf4 
promitvent. 

Wiietber  the  etUargemeat  was  ercctSe  or  cysiic  waa  a  matter  of  doubt.    Dr.  A.  B 
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CroAry,  who  tvw  the  case  with  a\  regarded  it  as,  cystic.  Tbti  patient  Ima  refused 
(o  submit  ;o  any  operation  for  the  radical  cure  of  this  tumor — partly  on  account  of 
fear  of  hemorrliflge^  Anci  conscquenily  had  worn  the  unpleasjint  deformity  the 
greater  portion  of  her  life.  Nov,  11,  1S71,  wilh  the  iwsiistante  of  Drs,  Catlin, 
Urml^y  Cooper,  and  Wyckoff,  local  aJi^theiiia  v/AS  used*  and  two  small  insulated 
ncetlks  were  insrrtw!  into  the  tumor  near  ihc  base,  one  pole  ccmnected  with  the  posi- 
livc  and  the  •^ther  with  lUt  dcgAtlvc  pole  of  tea  celU  of  a  jxirtable  Galvano'Firadic  Co. 
rinc'corbon  baltcry  (Fig.  61).  Immediately  the  color  of  the  lumor  began  to  lighten, 
Ihroujih  the  change  of  its  fluid  contcats  into  oxygen  and  hydrogen  jjases,  and  in  five 
minutes  the  whole  surface  was  almost  colorless,  ond  tlw  tumor  was  much  distended. 
The  needle*  were  now  withdrawn  ;  there  was  nn  hemorrhage^  but  ihe  gases  began  la 
escape  al  the  place:^  where  the  needier  were  inserted.  Dr.  Crojby  now  used  a  little, 
pressure,  said  the  tumk>r  flattened  with  more  escape  of  gas.  Under  repeated  presiiure 
still  iDorv  gas  escaped  ;  and  in  teu  minutes  from  the  b^inning  of  the  operation  the 
tumor  was  perfectly  flattened.  Gradually  the  residuum  of  Che  tCimor  disappeared, 
and  ID  a  few  weeks  scarcely  a  trace  of  the  long-standing  deformity  existed. 

Cyxtie  iumar  p/"  ihx  breast^  poijibly  ma/r'^rraHi^  trtitttd  by  fjtrttrttaf  gaivanitathn 
and  itectriflysh — Great  nJiiitton  in  n^e^  and  apparent  cure. 

Cask  CCVI.— Mrs.  P.,  a  lady  of  middle  life,  consulted  tL<«t  December  ^d,  1S73. 
The  patient  had  a  tumor  in  the  left  br^t,  of  the  sice  of  a  small  orange.  About  tw(> 
months  had  pas&ed  smce  it  was  lirst  o1j»n'cd. 

Both  her  family  physician,  Or,  Wikoff,  and  another  surgeon  of  eminence  regarded 
the  tumor  is  scirrhous,  and  advised  its  rer^nval 

The  patieiitf  we  may  remark,  traced  the  origin  of  the  growth  very  directly  to  a 
severe  bruise  of  the  breast  from  striking  against  a  bed-post,  Wiien  we  first  saw  the 
casCi,  the  tumor  could  be  easily  felt  and  griped  between  the  finger?,  and  seemed 
quite  hard.  Tlie  nipple  was  but  slightly  affected,  and  there  was  no  iovolvemcnL  of 
the  [^lands  m  the  axilla. 

There  had  been  little  or  no  pain,  the  tumor  had  not  extended  to  tlie  skin,  and 
there  was  no  discoloration  ;  except  by  examination  the  presence  of  the  growth  would 
hardly  have  been  smpccted.    The  growth  was  quite  movable. 

The  patient  was  of  a  very  nervous  temperameDt,  and  hiui  suffered  much  from  neu- 
ral^a.  In  spite  of  the  lack  of  very  severe  ^yntpiomsi,  we  <^DcuiTed  in  the  opinior^ 
of  her  previous  advisers^  that  the  tumor  was  scirrhous.  The  patient  so  dreaded  the 
thought  of  the  knife  that  slie  wanted  to  give  electrical  treatment  a  good  trial. 

We  began  wilh  local  external  galvanization  with  moderate  currents.  After  one 
week*!  treatment  the  tumor  seemed  looscrt  softer  in  portions,  and  a  trifle  smaller. 
Subsequent  treatment  arMed  nothing  to  thk  apparent  improvement.  We  therefore 
resolrcd  to  uk  galvauo- puncture. 

December  31st,  we  inserted  two  neetUes  into  the  part  of  the  tumor  that  was  most 
Bupfrfiicial ;  one  t^eedlc  was  connected  with  the  positive  and  the  other  with  the  ticga> 
tive  pole. 

Ether  s])ray  was  used  before  the  needles  were  introduced.  The  needles  had  not 
been  in  position  more  than  five  minutes  'othen  a  jt$tid  as  cp/ffnttff  of  wa^tr  ^tgitft  /a 
/hw  aiti  ot  the  places  where  they  were  Lnserte<t,  and  on  pressure  the  quantity  that 
come  away  was  much  tnereaxd,  and  more  or  Uh  flowed  out  during  the  whole  openb> 
tion,  which  listed  fiftceti  minutes, 
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When  (he  n«dl«  were  withdrawn,  and  pressure  was  xtsM^  «ti!l 
and  tbe  tumor  h&d  become  reduced  lwo-thjrd«  in  sue.    The  tnmor  wu  rrileilj 

Jaoiiary  and  January  Sth,  we  again  operated  with  Dr.  Beard's  lonf  cottii^-oeeA^ 
withoDt  assistance  and  mthont  tmEcsClirsiav  so  as  to  redore  ihe  tumor  to  a  mfeitg*". 
and  tf  possible  cause  ab&arption  or  atrophy. 

At  the  second  o^r&tion  a  less  quantity  of  fluid  exuded,  and  still  \ts%  a]  the  t>iff4 
operation.  The  pstient  hit  for  bonie.  We  occasiocnJly  bear  from  ber,  ud,  vptt 
the  date  of  writingt  tbe  tumor  has  not  resamed  its  original  ■nd  dor  not  ik 
vay  trouble  ber. 

In  the  above  case  one  of  three  results  are  possible : 

1st.  The  ttimor  may  ren^am  comparatively  small,  causmg  no  inno; 
ance  to  the  patient.    This  result  we  have  seen  in  other  cystic  tumo 
(though  not  in  the  breast),  from  the  same  nieihod  of  treatment  tJut 
was  adopted  in  the  present  case. 

26.  The  tumor  may  again  fill  up  with  fiuid»  and  n\Ay  reciuire  a  rep^ 
titiou  of  the  same  treatiDcnt. 

3cL  It  may  take  on  the  scirrhous  form.  It  is,  of  oourse,  poMihle  thu 
the  walh  of  the  gro^vth  may  already  be  of  a  scirrhous  character.  Even 
if  it  sliould  prove  to  be  a  scirrhous  growth,  it  would  not  fallow  that  T^ 
moval  would  be  at  once  indicated. 

if  in  the  above  case  there  should  ever  be  a  ra^^id  and  ugly  fccurrcnr* 
of  the  tumor,  with  threatening  indications  of  any  kind*  the  method 
electrolysing  the  base  would  be  indicated,  the  knife  or  the  gilrm 
cautery  being  used  to  remove  the  body  of  the  growth. 

Cyjfic  t»mor  oj  the  su^maxiilary  F4gi&n^  proi^bly  mtfiigmnS  ;  ikrtt  f/ffi«ft'ia»  ■ 
Blt<tri>lysis  (*/  iht  b^H—R<ipid  heating  with  tligM  JtMjiguremrmg—Ptrtmmml^ 

Ca&e  CCVII.— Miss  »  a  yoong  lady  in  her  teens,  was  sent  to  vs  Uanftt^ 

1873,  l>y  Df.  Wm.  Reese.  The  pfttient  was  of  a  fragile  const itulioo,  and  had  to 
cvme  debilitftte*]  by  confincmcut  in  the  stifling  dlr  of  a  tnnnufactory  whct»  ihK  nl 
employed.  For  one  year  she  hAtl  been  (ronhled  with  ft  tamor  on  the  oibmasflbvy 
legion  of  the  left  side,  that  was  Irst  supposed  to  be  simply  aa  enTarsed  gU>d. 
did  ndt,  however,  yicM  10  the  ufual  treatment  that  vsrloRS  phyttcians  and  cru^ 
bad  given  her,  and  at  the  time  we  »w  it,  tt  was  about  the  site  of  an  English  nalMi; 
and  apparently  encysted.    Lanrtnating  pains  of  a.  COleratrfy  severe  cbanctf> 

were  «)metimep  Felt  10  and  near  the  growth. 

Careful  examination  made  it  pretty  clear  that  the  entar^tnent  w&s  cystic }  tkK 
lubstance  was  In^itde  of  it,  although  the  waUs  were  quite  hi,rd.    March  lyih^  vitk 
the  asvstance  of  Dn^  Reeae  and  Hyde,  we  tlectrolyted  a  portion  of  the  giwtl^  ^ 
found  that  it  n^fis  really  cystic  and  contained  a  d-mrkf  cheesy  mbstaiMC  TWi^l'* 
was  futly  ctherixtd  during  tbe  operation,  which  lasted  fofcy  ntlnate^  Iditrfe  nd 
Qcsdles  were  employed,  and  ^teen  unc-carboa  cella. 
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The  rirperatiQn  was  followed  for  two  day»  by  Irritattve  fever,  but  by  no  otber  un* 
pleaujir  rtsiiU.  There  was  consiJcTJiMe  sloughing,  but  the  bullr  of  iht  growth  re» 
ttiAinrl  as  t  Inrge  unsightly  niASS.  April  14th,  wc  again  operated  by  Witrking  uf  tA* 
httit  of  the  tumor,  untlcrmLiimg  it  and  uparjiimg  it  from  xhc  surrournHng  bealth]^ 
titsuft.  Dr.  A.  B.  Crumby  isanisted  at  tlic  oprratlon,  and  euuclealed  a  portion  of  ihe 
nuut  bpfbre  the  nmllefl  were  inserted.  The  irrirativi*  fever  wjas  ilt^hler  ihnn  after 
the  pf&vbiisopcntiofl.  An  ulcer  inches  in  length  and  &  half  an  ii^ch  ui  depth  re* 
mained — ihe  surface  presenting,  as  usual  after  electrolylic  operations,  4  chanxd  ap- 
pearance which  at  ^rft  alarmed  Ihe  patient.  The  subsequent  healing  was^  in  thir 
judgment  of  all  the  surgeons,  surprisingly  rapid  and  tatitfactory.  Dr.  Croiby,  in  proper 
time,  brought  the  e<]ges  together^  and  thus  escpedited  I  be  reparative  process,  10  that 
at  the  end  of  a  month  only  a  trifling  scar  renuined.  At  one  of  these  operationa  the 
parenchyma  torn  hemorrhage  was  esLceltcTitly  oontroUed  by  the  iction  of  the  currmt, 
and  no  oil'ier  styptic  was  required.  The  patient  had  now  podtlvely  improved  in  her 
general  heaUht  and  was  free  from  any  sign  of  the  di«ase.  It  wb»  hoped  by  all  par- 
ties that  >hc  would  hear  no  more  ft^m  the  tutnor.  It  hod  been  suspxrcted  at  the  close 
of  the  operation  thai  a  small  portion  of  the  growth  remained,  bat  it  was  not  deemrd 
advisable  to  protract  the  operation. 

Very  soon  patns  of  ftulte  a  severe  chnracter  began  to  be  felt  juH  beneath  the  skin 
in  the  r«?giQn  of  the  *ublinjfufll  gland  ;  then  followed  swelling,  an»l  in  a  few  weeks  ft 
tumor  as  lar^eas  a  horse-chefnut,  of  (he  same  Appearance  and  feel  as  the  previous 
growth.  We  decided  to  operate  again^  thi*  time  with  aWdute  lhoTOUgline<9  :  the 
samesiin?eons  being  present.  Dr>  Crosby  made  an  tncl!ii<^n  and  enucleated  thegrowtht 
the  operahon  beinf^  completed  by  electrolyzation  with  lar^e  needlca  ds  Iwfore. 

The  ^'i^rk  tvai  thor4fugh»y  doni  I  I  A*  iioj^  iviu  tkor&Hgkiy  iltttrviyud  (Fig.  195). 
During  the  operaiion,  ft  branch  of  the  facial  artery  was  severed  by  the  needle  ;  this  wafl 
tied  by  Dr.  Crosby.  The  wound  was  treated  as  before  and  with  the  fame  result — rapid 
ind  satisfactory  heoiing^  that  has  been  permanent.  The  icar  dtsfigares  but  slightly, 
while  the  patient  has  improved  in  her  general  bcftlth,  fend  at  the  dale  of  writing,  thre« 
yenn  iifter  the  iut  operation,  weighs  mtich  more  thfen  at  the  lime  of  the  operation. 


Fig.  16a > 

Electrolysis  of  the  base  of  the  nulignant  cystic  tumor  of  the  nedk,  after  rcmotml 
of  the  tumor  by  enucleation.  Long  negaiivi;  needle  m;inipiiUl'?d  by  the  operator  | 
oooneclion  male  b?  a  »miLu-  positive  needle  alio  in  the  baM, 
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The  above  was  one  of  the  earlier  cases  in  which  the  method  ef  dee 
trolysis  of  the  bast  was  employed* 

Unfortunately  the  tumor  was  not  examined  by  the  microscope.  Thf 
evidences  of  malignancy  of  the  tumor  were  its  recurrence,  after  cno- 
cleation  and  ordinary  electrolysis,  the  facts  that  it  seriously  affected  the 
general  health  of  the  patient,  and  that  her  health  greatly  improved  when 
the  tumor  was  finally  removed. 

Hydatids  of  the  Liver. — Durham  and  Forster*  have  treated  eight 
hydatid  tumors  of  the  liver  with  success  by  electrolysis  at  Guy's  Hospi- 
tal and  the  Royal  Infirmar}'  for  Children,  Waterloo  Road. 

*<In  one  patient,  who  was  under  the  care  of  Dr.  Hilton  Fagge.  and  who  wai 
operated  upon  by  Mr.  Durham  in  June,  1868,  the  dulness  in  the  hepatic  repon 
measured  seven  inches  vertically,  the  ribs  on  that  side  were  bulged,  and  the  intcRoatal 
spa<^  prominent.  Two  needles  were  introduced  into  the  mos>t  prominent  part  of  the 
swelling,  one  piercing  the  space  between  the  eighth  and  the  ninth  costal  cartilage, 
and  the  other  about  two  inches  behind  it,  between  the  ninth  and  tenth  riba.  The 
needles  passed  in  to  a  deptli  of  two  or  three  inches.  One  of  them  was  evidently  free 
in  the  fluid,  for  it  could  be  moved  about  and  rubbed  against  the  other.  The  posterior 
needle  doubtless  passed  through  the  diaphragm,  1^  it  was  jerked  about  by  the  re^iiratory 
movements.  Both  needles  were  connected  with  the  negative  pole  of  ten  cells  of  the 
battery,  freshly  charged.  The  positive  pole,  connected  with  a  moistened  conductor, 
was  placed  between  and  near  the  needles.  The  current  was  allowed  to  pass  for  twenty- 
five  mmutes,  and  during  this  time  there  was  a  crackling  feeling  under  the  finger  as 
of  emphysema,  owing  to  the  development  of  hydrogen  firom  the  liquid  of  the  cysL 
After  the  operation  thoe  was  some  pain  for  fonr  or  five  hours.  In  the  evening  the 
temperature  was  ioa9°,  and  the  patient  did  not  sleep  well  that  night.  Next  day  the 
temperature  was  99.6^,  and  on  the  morning  after  it  had  risen  to  101.2^.  At  this  time 
the  hypochondriacal  tumor  had  greatly  disappeared,  and  the  man  expressed  himsdf  as 
l!eeling  quite  well.  On  examining  the  right  side  of  the  chest,  however,  Dr.  Fa^ 
was  a  little  startled  at  finding  absolute  dulness  behind,  up  to  the  fourth  or  fifth  dorsal 
vertebra ;  and  over  thb  extent  of  thorax  there  was  less  vocal  vibration,  marked  tubu- 
lar respiration,  and  s^ophonic  character  of  the  voice,  which  afforded  concluave  evi- 
dence of  a  large  effusion  of  fluid.  There  was  very  slight  pain  about  the  points  where 
the  punctures  had  been  made,  but  no  [^eurttic  pain.  The  man  lay  on  his  back,  and 
was  quite  comrortable.  The  liquid  had  evidently  been  squeezed  through  the  puncture 
in  the  diaphragm  into  the  pleural  cavity.  The  man  went  on  perfectly  well,  and  the 
chest  ^mptoms  disappeared  entirely.  Twenty  days  after,  all  traces  of  the  abdominal 
tumor  had  disappeared." 

Fibroids. — Fibroids  are  usually  hard,  and  therefore  slow  to  decompose 
under  electricity.  This  is  true  of  all  fibroids,  wherever  situated, — in  the 
neck  or  any  portion  of  the  periphery,  or  in  the  uterus.  Inasmuch  as  they 
are  not  usually  malignant,  the  method  of  electrolyzing  the  base,  here- 
after to  be  described,  is  not  needed.    They  are  to  be  treated  by  ordinary 

*  Althaus,  op.  cit,  p.  645.   See  also  Med,  Timet  and  G«&,  Nov.  t9t2k,  tSTa 
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dectroTysts,  needles  connected  with  both  poles  being  insetted  in  the 
tumor.  The  neef^les  may  be  insuUred  or  no n -insulated,  accortling  to 
the  situation  of  the  tumor. 

The  behavior  of  fibroids  after  electrolysis  Is  not  generally  satisfactory  ; 
the  amount  of  decomposition,  on  account  of  the  density  and  cotnpara^ 
live  dryness  of  the  tissue,  is  but  slight ;  and  the  subsequent  shrinkage 
and  atrophy  is  not  so  marked  as  in  goitres  or  cystic  growths. 

If  a  current  of  sufficient  strength  be  used,  the  patient  being  an^esthe- 
lijced,  suppuration  may  be  excited,  and,  as  a  result  of  the  destruction  and 
loss  of  tissue,  the  tumor  may  become  somewhat  SDialler, 

VFrtTwrrfw/  Jibroid  htmor  of  a  yearns  siandirtg^ — /itpfated  EiectroIyvUions  without 
a^rrtMfitm  and  uttttided  -iaiih  trijting  poin-^Arr^it  of  Gr<fittik — Grnduai  dt- 
ertrn^  in  /*f  Jw  pf  the  ivmar. 

CasrCCVIII.^ — Mr$.  F.,  a  lady  of  middle  age,  was  directed  to  us  by  Dr.  Wm- 
1(011  in  February,  [S71. 

On  exam Ln Alii  I n,  we  found  un^cr  the  ri^ht  ear  a  kr^e  tumor^  soft  and  movabU, 
mnd  equal  in  size  to  the  cluscJ  fi^i,  Tlie  cnUirgement  w*s  of  tlic  recurring  libruid 
characlcr,  cnlircly  painless  but  most  unsiglitly  in  appearance.  Tlic  p&iicnl  firil  ob- 
served  the  growth  ^ume  ten  years  since,  when  i(s  size  wa*  barely  appreciable,  it 
gradu.tlly  enbrged  until  it  attatned  the  siie  of  an  orduiary  hen's  egg^  and  was  removed 
by  the  late  Dr,  Cbeneman, 

A  few  months  suh«<equentty  it  made  its  appearsLnce  a  second  \\me^  And  stcBdily  en 
Jarged,  until  at  the  c^piratfon  of  three  years  ils  siic  was  somewhat  greater  than  when 
the  firsl  operation  was  performed. 

It  was  ig^n  rcmowed  hy  Dr.  WilUrd  pRrker,  but  ia  course  of  time  returned^  Tlie 
patient  was  now  unwilling  to  have  the  operatton  by  the  knife  repealed,  and  for  seven 
years  the  tumor  slowly  increased  to  the  site  above  stated. 

To  avoid  any  pos-sibility  of  exciting  an  action  in  the  tumor  that  itiight  reader  it 
tiuly  malignant  in  duractcr,  we  at  firs^t  made  use  only  of  external  galyanization. 

After  a  do2£n  applications  no  change  could  be  perceived  in  its  outward  conforma- 
tion ;  bat  that  the  treatment  had  not  been  without  some  effect  was  manifest^  from 
the  fact  that  the  head  coutd  now  be  turned  in  any  direction  without  cansing  the  dia* 
agreeable  and  ^metimes  painful  sensations  that  had  fomieriy  followrd  pressure  of  the 
deep  portion  of  the  grnwth  on  the  underlying  tissues. 

We  now  decided  to  try  the  ordinary  method  of  electrolysis,  and  aocordtngly  inlra- 
duixd,  an  inch  into  (lie  tumor,  a  neeiile  insulated  to  wtthm  half  an  inch  of  \l%  point. 
Tlie  application^  alternating  with  external  galvanization,  was  repeiLtcd  some  twelve 
times  during  the  couru  of  two  months,  and  resulted  in  a  very  dectd«]  alterntion  in  the 
shap«,  as  well  as  a  markcvl  diminution  in  the  die  of  thcgrowth.  After  each  operation 
a  iori^e  quantity  of  free  hydrogen  gas  escaped  through  the  opening  made  by  the  needle^ 
followed  by  a  ()lLgUt  flow  of  blood. 

\%  this  lime  two  netdlci  were  used — the  second  one  of  platinum^  and  connected 
with  the  positive  pole.    It  should  be  stated  that  previously  only  twelve  KiQc-cnrbon 
celis  had  been  nsed^  and  the  current  allowed  to  pass  but  ten  minutes.    We  now 
creased  the  celts  to  twenty,  o-nd  permitted  the  needles  to  remain  some  fifteen  njinutca* 
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bat  when  thef  «cr  witUnvn,  neither  gas  nor  Uood  escaped,  nnd  jret  it  w  ikm 
lotciT  certain  that  the  current  had  been  pasiuiq^  every  moment,  and  with  pu— 
greater  than  in  previous  operations. 

In  a  few  boors  the  tomor  and  tissues  snrroonding  it  became  greatlj  swoDen,  aGoa» 
panaed  by  TCfy  cosiSKicrabIc  pain. 

Tbe  pain  and  sw^fii^  were  relieved  by  a  poppy  pooltice,  but  a  digfat  disdmseeoi* 
lamed  Aioueh  tbe  montls  <^  Jufy  and  Aogost,  daring  which  time  trentment  ms^ 
tsmitted.  In  September,  when  the  patient  returned  to  the  city,  tbe  disdnuge^  wfckk 
bad  ceased  two  weeks  previonsly,  had  evidently  resulted  in  a  still  fiirtber  redoctiai  ol 
tfac  tnmor. 

Tbe  treatment  was  resumed,  and  ctmtinned  at  intervals  during  the  ensuing  wiattf 
and  spring.  Tbe  effect  was  a  dow  but  constant  decrease,  until  it  was  reduced  to 
about  one-third  its  original  ^ze. 

At  one  time  dnrii%  an  intefval  in  the  treatment  the  patient  observed,  in  a  portioa 
of  tbe  tumor  to  which  the  needles  had  not  been  applied,  a  projection  which  rapidly 
enlarged  tmtU  it  was  one-third  of  an  inch  in  diameter,  find  extended  downward  into  tbe 
bealthy  tissue  for  more  than  an  inch.  A  nngle  needle  wa^  introduced  into  tUs  m- 
welcome  addition,  and  a  mild  current  allowed  to  pass  for  ten  minutes;  The  pncm 
of  absorption  was  excited,  and  in  two  weeks  this  protuberance  complete  diisppi  Tril 

It  is  interesting  to  note  in  this  description,  that  while  the  growth  was  doady  te 
steadily  enlarging  before  the  use  of  needles,  it  did  not,  after  the  treatment  by  elecfli^ 
Ijrsis  was  b^gun,  show  the  sl^htest  disposition  to  increase  hi  tiiose  puts  actaally  ifr 
Inenced  by  the  current — although  at  one  time  several  months  elapsed  betweai  til 
operation!  Subsequently  what  remained  of  the  tumor  was  again  removed  fay  Dt. 
Pirker. 

While  the  above  case  cannot  be  cited  as  a  brilliant  result  of  electro* 
lytic  treatment,  it  is  of  exceeding  interest,  and  has  afforded  manyttsefol 
hints  that  have  been  of  value  in  other  cases.  The  pain  of  introdacing 
the  needles  was  trivial ;  and  the  electrolytic  action,  even  when  it  was 
very  intense,  produced  little  or  no  sensation ;  consequently  it  was  at  no 
tine  necessary  to  use  chloroform,  and  the  treatment  was  as  rcadOy 
borne  as  if  the  applications  were  merely  external. 

J^i^r^ids  of  the  uierus  are  of  sufficient  importance  to  be  specially 
con^dered.  They  may  be  treated  electrolytically,  either  through  die 
TUgina.  or  through  the  abdominal  walls,  according  to  the  position. 

The  danger  of  creating  peritonitis  by  thrusting  needles  through  tbe 
Abdominal  walls  is  but  slight ;  and  if  the  needles  are  well  insulated  by 
vvbber,  there  is  really  no  danger.  The  insulated  part  should,  of  conrsei 
^  )veyoitd  the  peritoneum. 

Pr.  Rimball,  of  Lowell,  reports  excellent  results  from  treating 
ikMiAi  in  thii  my*  Otu:  own  observatioiu  in  this  direction  will  be 
Itigul  In  ^  dMpter  devoted  to  Diseases  pf  Women.    While  it  is  rare 

«c*  41  iMf*  *nd  hard  fibroid  tumor  entirely  disappear  under  electro- 
Mttf  1^  fKttly  decrease  in  nxe,  afituding  very  <rften  comiMe 
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relief  from  the  vajriouft  menstrual  derangements,  and  other  symptoms 
Lhat  accompany  it 

LipomQ(a  {Fatty  Twm^j).— Ordinary  surgical  treatment  with  lh< 
knife  is  so  successful  for  fatty  tumors,  that  electrolysis  would  hardly  be 
indicated,  even  if  it  could  accomplish  as  much  and  as  easily  as  the 
knife.  Fatty  tumors  are,  of  course,  benign  ;  and  when  operated  on  do 
not  recur.  Fat  decomposes  slowly  and  with  difficulty,  and  from  our 
first  experiments  on  a  number  of  fatty  growths^  we  were  led  to  be- 
lieve that  secondary  absorptive  effects  wuuid  not,  as  a  rule,  follow  elec- 
trolysis. Dr.  Rockwell's  later  experiencCk  however,  in  this  direction, 
has  been  more  satisfactory.  By  using  an  increased  number  of  needles, 
more  powerful  currents,  and  by  prolonging  the  operations,  several  of 
these  tumors  have  been  completely  dissipated.  In  every  case  the 
operations  were  rendered  entirely  painless  by  the  use  of  the  ether  spray. 

Ovarian  Tumor s.^'X\\^  electrolytic  treatment  of  ovarian  tumors  has 
of  late  excited  nuich  attention,  and  we  can  do  no  better  than  to  give 
brietly  the  conchisians  arrived  at  by  Dr.  Paul  K  Mund^,  in  a  very 
creditable  rtsumh^^  of  what  has  been  attempted  and  accomplished  in 
this  department  of  electro'surgery. 

He  finds:  ist,  That  a  number  of  ovarian  tumors,  reported  on  re- 
liable authority,  have  been  completely  cured  or  permanently  improved 
by  electrolysis — out  of  lifty-one  cases,  twenty-eight  or  about  fiftyiivc 
per  cent. 

ad,  "In  a  number  of  these  cases  electrolysis  was  followed  by  dan- 
gerous (thirteen,  or  25,4  per  cent.)  and  even  fatal  results  (nine  out  of 
these  thirteen,  or  17,6  per  cent,  of  the  whole  fifty-one, 

3d,  "  Further,  six  cases  out  of  fifty-one  received  neither  benefit  nor 
injury  from  the  treatment,  and  four  were  only  teuTporartiy  improved ; 
total,  ten,  or  19.6  per  cent.  We  thus  have  a  total  of  twenly  three  cases, 
or  forty-five  per  cent,,  in  which  the  electrolytic  treatment  failed  to  ac- 
complish the  object  for  which  it  was  administered-  .  *  *  . 

6th,  Notwithstanding  these  undoubted  cures,  the  percentage  of 
successes  of  oophoro-elcctrolysis  (55  percent.)  compares  unfavorably 
with  that  of  ovariotomy  (70  to  80  per  cent.  ;  Spencer  Wells  78  per 
cent,  in  1876  as  high  as  91  per  cent.).  And  so  also  do  the  deaths  by 
electrolysis  (17.6  per  cent.)  nearly  equal  those  foJlowing  ovariotomy 
iu  recent  years  (20  to  30  per  cent  to  21  per  cent^),  and  far  exceeding 
those  occurring  in  the  last  series  of  fifty-five  cases  of  S|)enccr  Wells 
(five,  or  9  |jer  cent*)." 

*  ^'  The  Value  ur  Electrolysis  in  the  Treatment  of  Ovariiut  Tutnor^*^  t»y  P'ul 
Mundfr,  M.D,,  New  York,  Gynatcological  Truviactious,  1S7S. 
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Polypi. — Naso-pharyngeal  polypi  have  been  treated  by  a  series  of 
electrolytic  operations  with  success.  Von  Bruns  records  a  notable  case 
pf  this  kind.  As  a  rule,  however,  it  would  be  difficult  to  entirely  cure  a 
naso-pharyngeal  polypus  by  electrolysis,  and  the  treatment  would  be 
very  annoying.  Polypi  in  accessible  localities  are  best  treated  by  the 
galvano-cautery  wire-loop. 

Epithelioma,  Scirrhus^  and  Mer  Malignant  Growths, — Malignant 
growths  may  be  defined  clinically  as  those  growths  which  are  liable  tt 
recur  after  removal. 

Under  this  head  may  be  classed  epithelioma,  recurring  cysts  and 
fibroids,  encephaloids,  scirrhus,  and  so  forth.  If  tumors  of  this  kind 
are  to  be  treated  at  all  by  electricity  in  the  hope  of  permanent  rclie( 
it  should  be  by  the  method  oi  electrolysis  of  the  base  as  already  describ 
ed,  provided,  of  course,  the  tumoi<s  are  sufficiently  accessible. 

Pain  may,  however,  be  relieved,  and  in  some  cases  a  reduction  in 
size  may  be  gained  by  the  ordinary  method  of  electrolysis,  or  by  simple 
external  galvanization  or  faradization ;  and  by  these  methods  also  the 
tumor  may  be  arrested  in  its  progress  perhaps  for  a  long  time. 

Of  the  different  forms  of  malignant  growths,  the  best  prognosis  for  a 
permanent  cure,  or  for  a  long  deliverance,  is  in  recurring  cysts  and 
fibroids ;  next  would  come  epithelioma,  of  which  we  have  successfiil^ 
treated  a  number  of  cases,  and  last  of  all  scirrhus. 

Cancers  of  the  neck  of  the  uterus  have  been  removed  by  galvano 


Removal  of  epithelioma  of  face  by  electrolysis  of  base.  Both  negatlTc  and  podtift 

needles  inserted  in  the  healthy  tissue  beneath  the  tumor. 

Spithelioma  of  the  facet  originating  in  an  old  scar^  six  months  standings  remootd 
by  a  combination  of  electrolysis  of  the  base  and  tk*  galvano<ayiety. 
Case  CCIX.— Captain  D.  was  brought  to  us,  April  27,  1873,  by  Dr.  FesMa- 
den.    The  patient  had  a  tumor  that  appeared  to  be  an  epithelioma,  about  the  size 
of  a  small  walnut,  over  the  zygoma.    It  had  developed  from  an  okl  icar  that  hsA 
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*ii!(l«d  from  childhood.    Wlien  be  was  first  brought  to  as  tbe  tomor  hud  been  in 

CA-istencc  die  monlhi.  It  had  hc#n  treated  by  caustics,  but  rapidly  recurred.  We 
decided  to  treat  the  tumor  by  tttcireiyns  of  the  bate^  combining  with  it  the  gatvauo- 
cauleryf  if  necessary  or  conycuicntp  in  order  to  ihorten  the  operation, 

April  3Qth.  We  operated,  assisted  by  Dr.  Fessenden^  who  giLve  the  anzsthetic  foi 
ten  tninules,  with  eighteen  linc-carboti  cells.  We  used  the  long  cutting  needle,  pass- 
ing one  connected  with  the  positive  pol«  under  the  tumor  near  the  edge,  and  another 
long  culling  nce<lle  coinected  with  the  negative  pole,  also  under  the  tumor,  and 
parallel  to  the  positive  needle*  The  electrolytic  action  was  moderately  strong,  and 
the  growth  was  tapbty  lao&encd.  The  positive  needle  became  (ixed  in  the  tissue 
where  it  wbs  imbedded*  through  the  oxidiiation,  as  Is  always  the  cas«  with  the  poa- 
tive  needle,  while  around  the  negative  needle  a  ycDowuh  foam  appeared^  caused  bf 
the  mingling  of  the  hydrogen  evolved  with  the  blood.  The  needle  was  very  loo;*  in 
the  [issuci,  uid  we  worked  it  slowly  to  the  right  hand  and  left  until  the  tumor  was  an* 
dermined  by  the  electrolytic  action,  and  nothing  remained  but  a  portion  of  the  skin. 
We  cotnplclcdi  the  operation  by  a  short  wire  connected  with  Bime^s  gal vano -cautery 
battery.  AAer  the  tumor  was  removed^  we  worked  up  the  base,  partly  with  ilic 
needles  and  partly  by  the  heated  galvano-cautcry  wire^ 

Both  needles^  positive  and  negative,  were  pluttged  uiCo  the  base  and  edge  of  the 
tumor,  into  healthy  liisuc,  until  all  was  bloodless,  charred^  and  dry.  Scarcely  any 
blood  ^owed  during  the  operation. 

The  patient  was  soon  able  to  leave  the  operating-room-  CoH-watef  dressing  only 
was  used.  Some  sloughing  followed,  and  satisfactory  granulation.  In  six  weeks  the 
lore  had  completely  healed,  with  a  moderate  cicatrix,  and  at  the  date  of  writing, 
Sept.  1st,  1S74,  seventeen  months  from  the  time  of  operation,  there  are  no  signs  of 
recurrence.  The  growth  was  examined  microscopicatly  by  Dr.  Ormktou,  and  by 
him  pronounced  malignant. 

Largf  and  painful  epttktHema  &f  the  upper  lip  of  leptral  moftfhj'  3tanttin§"^/it 
mopaJ  ify  ordinary  ^ieciroiysis  ami  ikt  meiJiod  of  worktitg  up  titg  Sttsg — SatU' 
fatfery  AmUh^. 

Cask  CCX.— Miss  ,  aged  20,  was  brought  to  us  by  Dr,  Corey,  October  33, 

lS7t»  to  be  treated  for  nn  epithelioma  of  the  upper  Up  thcit  had  distressed  her  Tar 
aeveral  monlliA.  At  this  time  the  growth  extended  from  the  median  line  to  the  left 
comer  of  the  lip,  being  about  one  inch  in  diameter  and  one-half  an  inch  tn  length. 
The  pain  of  the  growth  was  at  times  very  great,  especially  when  eaposed  Eo  the  cold  ; 
the  disfigurement  was  annoj  ing,  and  there  was  an  evident  tendency  to  quite  rapid 
increase,  At  (he  hast^  on  the  mner  surface  of  tbe  lip  and  especially  at  the  comer, 
bard  nodules  were  easily  detected  by  the  finycr.  With  the  a.'isislance  of  Dr.  Corey, 
and  in  the  presence  of  a  number  of  physicians,  we  electrolyzed  the  upper  porttoD  of 
the  growth  with  five  small  needles,  three  connected  with  the  negative  and  two  with 
the  positive  pole.  Full  an^theaia  was  used,  and  the  operation  lasted  twenty 
mlnules.  The  ne*dlcs  were  inserted  directly  into  tbe  body  of  the  tumor  and  not 
around  the  base.  The  method  of  working  up  the  base,  we  had  not  at  that  time 
begun  to  employ.  The  soft  parts  of  the  tumor  tn  the  vicinity  of  the  negative  pole 
decnmposed  with  rapidity.  A  ycllowiJih  foam  was  developed,  which,  forcing  its  way 
underneath  the  scab  that  covered  the  luinor^  gradually  lifted  il  up  ood  eooipletelj 
detached  it  from  the  body  of  the  growth. 
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The  parts  presented  the  vsaaX  charred  appeoranoe  after  the  opfrarina,  fast  Ikai 
was  little  or  no  pain,  either  in  the  tumor  or  in  the  Tioinity.  Hiere  wwm,  Iwtui, 
considerable  irritative  fever,  and  the  iaoe  vaa  somewhat  swoUea.  In  tbe  com  of  a 
week,  the  portion  of  the  diseased  part  that  had  been  dectrolyaed  begaa  to  oantraa, 
and  near  the  median  line  healthy  tissue  ^speared.  -  The  lower  paiC,  tfant  waa  liitk 
affected  by  the  needles,  remained  as  before.  Nov.  9,  we  i^^aio  operated  by  tk 
method  of  electrolysis  of  the  base  with  four  negative  and  one  positive  needle  with  tkc 
same  number  of  cells  (sixteen  zinc -carbon)  and  for  about  the  same  time.  Dr.  Cor; 
admmuitered  the  anaasthetic,  and  I>rs.  Armor,  Caldwell,  and  others  were  p»e*tuL  Tin 
opwation  was  more  thoroughly  performed  than  the  previous  on^  hot  the  wfrlhi 
were  not  inserted  into  the  nodules  or  the  inner  surface,  but  only  into  tlie  wyrfciri 
parts  of  the  growth.  No  bad»  result  followed,  and  by  Nov.  27th  the  tumor  hsi 
contracted  to  one-third  of  its  ordinal  dze  and  was  healing  rapidly.  The  heaUaf 
process  continued  until  scarcely  any  trace  of  the  disease  remained.  The  hcaliBe  wm 
almost  |jerfect ;  there  was  an  entirely  natural  skin  in  the  region  wbeie  the  tumor  had 
formerly  existed,  and  the  only  cicatrix  was  at  the  comer  of  the  month.  Twitches  of 
pain  have  been  felt  in  the  vicinity  of  the  scar,  e^tecii^  on  expuanie  to  cold,  pfmf 
rise  to  the  suspicion  that  possibly  that  portion  of  the  growth  was  not  tlmroagUf 
created. 

It  is  now  three  years  since  the  patient  was  treated,  and  the  recovery 
may  be  regarded  as  most  satisfactory.  In  reference  to  this  case  it  may 
be  remaHced  : — 

1.  If  the  diseased  mass  had  been  thoroughly  separated  from  the 
surrounding  healthy  tissues  by  inserting  large  needles,  one  operattoD 
would  have  been  sufficient,  and  the  cure  would  probaUy  have  been 
absolute.  This  was  the  6rst  case  of  the  kind  that  we  had  treated,  and 
we  had  not  then  employed  the  method  of  working  up  the  base,  and  had 
not  devised  the  long,  sharp,  double-edged  needle  which  we  nowemfdoy 
in  the  electrolyzation  of  large  growths. 

2.  There  was  scarcely  any  hemorrhage  or  other  unpleasant  symp- 
toms during  or  aAer  the  operation,  excepting  the  irritative  fever  of  irtiicb 
we  have  spoken. 

£^ktUai  tanetr  in  a  lady  ag^  thirty,  imv^nmg  Mr  rtetum^  vmgimm,  attd  txitF- 
mal  part* — Eleven  operations  by  ordinary  eleetr^ytit  and  eleetrofyeit  of  the  Sase  re* 
move  the  growths,  alleviate  pain,  and  modify  very  greatly  the  rapidity  with  which 
the  disease  suistfuently  reappears — Suhstfitemt  treatment  iy  galvasw-emmtery  iy  Dr. 
Byrne,  with  relief— Death  of  the  parent. 

Cask  CCXI.— The  wife  of  a  physician,  aged  about  30.  had  for  eight  years  of  Wr 
married  life  suffered  from  what  was  supposed  to  he  scirrhos  of  the  rectnniy  whick  fa^ 
been  removed  by  ligatures  at  diSerent  times  ami  by  different  snegeons. 

About  three  years  before  we  saw  her,  an  epithelial  cancer  appeaiad  at  tbecntnaae 
of  the  vagina ;  this  gradually  increased  in  siie  and  protruded,  antU  October,  tSyi,  k 
appeared  to  be  about  one-half  as  large  as  a  caaliiowar,  and  moGfa  rstswfalcd  one  Is 
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4i|]pcKnAoe.  The  dUchuge  was  veiy  profu&c  And  very  ofTeosive  i  the  pam  teirit^e  Atvi 
fthiu»t  cofuCjuU.  The  growth  W2S  eviienUy  incresuiuig,  and  only  wilb  difficulty  could 
the  patient  walk  about  the  house. 

A  more  di^rcKiin^  (^i^  of  disease  oi  any  kind  we  had  never  seen.  After  each  re- 
moval of  tlie  mu£  by  the  Ugature,  U  wouLd  spring  up  olmasl  before  the  sight  and  be- 
come larger  Lhan  before.  There  wns  about  it  a.  cAuknciis,  a  hercenesKp  a  malignity, 
<}uite  ouusiulI.  like  rampant  w«ed^  in  rich  suil,  the  more  ii  was  cut  off,  the  faster  if 
grew.  Eschoj-otics  of  ail  kinds,  weU  u  cundurasgQ,  bod  been  tjricd,  the  iaicci 
remedy  seenuug  to  do  injury* 


£pitbcUoitta  of  the  ragioa  aod  vulva.  Cauliflower  appcAranoe. 


Fig, 

App^rance  of  gnmuEatiog  buc  after  removal  of  a  portioa  of  tbecpitbdioDui.  of  vtgiiM 
and  rulva  by  electrolytb. 

The  g^vanO'Cautery  had  been  suggested  jy  Dr.  E.  R.  PeaaLee,  whom  the  patient 
consulted,  aad  Dr.  Byrne  had  intenclfd  to  give  it  a  trial,  but  deferred  ihe  opcrailoD 
m  order  10  experiment  with  cimdarango.  We  btfgau  tri»iitmenc  with  exiemal  galv^ 
tUdmtion  ia  ordtr  (o  relieve  the  paiu.  The  hrst  trcaltitcnt  accomplished  nothing ;  the 
tturd  trsaiLOtfJiij  we  connected  in  ijiiulated  rectal  decirode  with  one  pole,  whib  itm 
45 
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positive,  hy  means  of  a  wet  cloth,  was  gently  passed  over  the  very  sensitive  mfiKC  W 
the  tumor.  The  patient  was  relieved  of  pun  fot  a  whole  nigtit.  Satiified  with  tb 
result,  we  now  resolved  to  use  the  needles. 

With  the  assistance  of  Dr.  Rotton  and  the  husband  of  the  pfttient»  we  opeiated 
eleven  times,  with  intervals  of  two  or  three  weeks  between  the  siamca.  FuU  etheh 
satioD  had  been  obtained  in  each  operation. 

We  used  two,  three,  or  four  needles,  according  to  drcnmataiicc^  and  both  pola 
-were  inserted  into  the  base  of  the  growth. 

The  first  operation,  Oct.  20,  which  Usted  twenty-five  minntet,  removed  one^hM 
of  the  growth  ;  and  by  the  end  of  the  third  operation,  all  the  growth  cxtcnial  to  the 
orifice  of  the  vagina  was  removed. 

Far  up  in  the  vagina  the  diseased  portion  could  readily  be  detected,  spreading  cmt 
in  all  directions  like  a  watermelon  vine. 

Nov.  15th,  there  was  some  evidences  of  a  reappearance  of  the  external  growth  ia 
those  parts  that  were  not  thoroughly  dectrised.  Nov.  aad,  operated  again  by  dec- 
trolyns  for  half  an  hour. 

Dec.  5th,  operated  again  by  dectrolysis  in  connection  with  Dr.  Bjrrae,  who  by  the 
aid  of  his  speculum  applied  the  galvano-cautery  to  the  portions  of  the  growth  in  the 
vagina.  Jan.  17th,  i^in  operated  by  the  same  method  for  thirty  minutely  The  ex- 
ternal ulcer  caused  by  the  removal  of  the  tumor  had  hitherto  been  about  fonr  inches 
long,  three  inches  wide,  and  one  inch  in  de|ith,  extending  from  the  middle  <tf  the 
labia  beyond  the  anus  on  the  right  side. 

ThU  ulcer  now  began  to  heal  at  the  edges  and  to  contract.  Jan.  6th,  began  the 
use  of  nitrate  of  silver,  applied  to  the  ulcer.  Jan.  8th,  the  discharge  wfaitii  had  cone 
from  the  vagma  was  much  diminished  and  the  ulcer  had  contracted  to  hftlf  the  origi* 
nal  size.    Jan.  21st,  operated  by  electrolyus  in  the  vagina  chiefly. 

March  a4th,  repeated  the  operation  with  long  needles,  in  the  vagina,  on  some  ra^ 
ged  portions  of  the  growth.  We  were  now  able  to  ascertain  hy  digital  examinatioa 
that  there  was  a  pretty  direct  connection  between  the  growth  in  the  rectum  and  the 
one  in  the  vagina ;  they  seemed,  indeed,  to  be  extensions  from  a  common  centre. 

The  septtmi  at  the  base  of  the  tumor  in  the  vagina  was  so  thin  that  we  much  feared 
a  recto-vaginal  fistula,  and  great  care  was  necessary  in  operating,  to  preserve  this  ddi* 
cate  and  partially  disorganized  tissue  that  separated  the  two  canals.  April  ai,  again 
operated  by  electrolysis. 

Subsequently  the  actual  cautery  was  once  used,  in  the  hope  that  perhaps  it  might 
cause  a  more  thorough  drying  up  of  the  iMX>fusely  discharging  surface  in  the  vagina; 
but  the  results  of  its  use  were  unsatisfactory.  The  febrile  condition  that  followed  wai 
alarming,  and  the  local  pain  was  terrific  for  several  days  after  the  operation.  During 
the  summer,  local  applications  of  various  kinds  have  been  experimented  with; 
among  others,  a  mixture  of  iodine,  iodide  of  potassium,  and  glycerine,  which  was 
employed  at  the  suggestion  of  Dr.  Byrne,  and  with  good  effect. 

During  the  year  the  patient  had  taken  cod-liver  oil,  and  except  by  intervals  has  had 
a  good  appetite.  Twice  a  severe  and  protracted  attack  of  sciatica  has  been  brought 
•n,  apparently  by  exposure  to  cold. 

At  one  time  the  patient  was  confined  to  her  bed,  and  was  somewhat  hysterkaL 
During  the  summer  the  external  part  of  the  growth  gradually  reappeared,  but  there 
was  no  difficulty  in  urination  or  defecation ;  and  hence  we  condude  that  the  portSoa 
in  the  rectum  has  not  greatly  enlarged,  and  at  the  last  enmlnation  the  oooditkm  of 
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the  vagint  wts  not  seriously  altered!.  Wc  hnve  all  along  feared  th&t  the  diseiue  would 
mend  to  cbe  uterus,  bui  cxAmuifiiions  tnaAie  &t  different  times  gave  no  evidence  of 
knvulvemcDt  oF  tliaC  orgaa. 

Tlie  Operations  were  performed  with  a  tine-carbon  battery  of  eighteen  cella, 
ficslily  chitrgctL 

The  cuiisi  ringing  power  of  the  cnrrcnl  was  observed  at  both  poles^  but  most  de> 
ddt»)ly  mt  the  positive^  After  each  operatiuik  the  surface  presented  a  diirk  and  iptne- 
what  chairred  appearance^  as  though  it  had  been  slightly  burned,  No  large  artery  waM 
««vercd  during  the  ofierations,  hcacc  it  was  not  tiecesaairy  to  uht  cither  the  ligature 
or  persulphate  of  iron.  During  the  winter  of  [873  Dr.  Byrne  twice  operated  on  the 
extemiLl  ]xfrtioii  of  the  growth  with  the  galvmiQ-CAUtery.  The  rc^uit  w<ls  a  most 
utUfactury  healing  of  the  cxiemnl  ulcer.  ThU  heali&g  was  much  more  permanent 
than  the  he^iogs  that  fullowed  electrolysis. 

We  have  given  the  above  case  in  considerable  detail,  because  of  its 
great  interest  to  surgeons,  and  especially  because  it  illustrates  most 
vividly  at  once  the  vatue  and  the  limitations  of  electrolysis  in  malignant 
tumors.    It  illustrates: 

1.  The  power  of  electrolysis  to  control  hemorrhage.  The  growth 
was  so  vascular  that  it  bled  quite  profusely  on  the  slightest  touch,  and 
yet^  under  the  various  and  protracted  electrolytic  treatments  to  which  it 
was  subjected,  the  amount  of  blood  lost  was  but  a  trifle. 

2.  The  fact  that  the  electrolytic  treatment  does  not  cause  shock,  to 
the  extent  that  similar  destruction  of  tissue  by  other  methods  would  be 
likely  to  do.  Twice^  when  chloroform  was  employed  as  an  anECstheric, 
the  pulse  acted  badly  and  compelled  us  to  suspend  the  operation  sooner 
than  we  desired  ;  but  under  etherization  the  needles  were  used  for  half 
an  hour  and  longer  without  causing  any  shock.  The  stimulus  of  the 
current,  with  the  occasional  interruptions  that  are  required,  seemed,  by 
reflex  influence  on  the  central  nervous  system^  to  act  as  an  antidote  to 
shock,  as  tt  has  appeared  to  do  in  other  cases. 

3.  Better  healing,  and  later  reappearance  of  the  growth  than  after  the 
operation  by  ligature  and  caustics.  When  removed  by  ligature  this 
growth  sprang  up  wtth  great  rapidity — In  the  course  of  a  few  days; 
even  before  the  eyes,  as  it  were,  it  seemed  to  enlarge,  and  to  develop 
an  offensive  discharge  ;  and  the  base  never  began  to  heal,  even  on  the 
edges.  After  thorough  electrolysis  of  die  base,  this  growth  not  only 
did  not  show  signs  of  recurrence  for  several  weeks,  but  an  extern^ 
ulcer  of  large  si^e  entirely  healt-d.  With  the  internal  ulcer  on  the 
feebly  organized  mucous  tissues  of  the  vagina  we  were  not  so  successfuL 

4*  The  severe  irritative  fever  that  sometimes  follows  electrolysis. 
After  all  the  operations,  the  patient  was  confined  to  her  bed  for  several 
days,  and  was  more  or  less  distressed  by  inflamm&tiou  and  swelling  not 
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only  on  tbe  edges  of  the  ulcer,  but  at  some  ^stance  down  the  naies  ttd 

through  the  labia.  Tbe  swelling  of  the  labia,  was  so  great  that  difficiih)r 
and  pain  were  experienced  in  passing  water.  It  should  be  noted,  how* 
ever,  that  after  the  operations  with  the  galvano-cautery  and  the  actual 
cautery,  tbe  irritative  fever  and  surrounding  inflammation  were  much 
more  decided  and  distressing,  and  for  that  reason  we  returned  to  elec- 
trolysis. 

5.  The  utter  inability  of  even  the  most  thorough  and  repeated  eicc> 
trolyzations  of  the  base,  to  permanently  eradicate  tbe  growdi  in  tfaoie 

parts  where  it  was  connected  with  the  mucous  membrane.  Although  Mr 
base  was  thoroughly  worked  up  by  inserting  the  needles  into  tbe  healdij 
tissue  surrounding  it  so  as  to  completely  cut  o£f  all  communication  be- 
tween the  natural  and  morbid  parts,  yet  the  disease  extended  from  the 
vagina,  until  quite  distant  parts  were  attacked  and  became  saturated 
with  cancerous  degeneration.  The  external  portion  of  the  growth  con- 
nected with  the  perineum  and  nates  was  apparently  eradicated  as 
thoroughly  and  as  successfully  as  the  cases  of  epithelioma  <^  the  lip, 
previously  reported,  and  the  subsequent  reappearance  of  the  growth 
was  due  to  the  extension  of  the  disease  from  the  vagina,  whicli  part 
could  not  be  thoroughly  affected  by  electrolysis. 

6.  The  comparative  value  of  electrolysis  and  galvano-cautery.  The 
healing  after  electrolysis  was  incomparably  more  satis^tory  than  after 
the  ligation ;  but  in  the  course  of  months  the  growth  retiumed,  appa- 
rently by  extension  from  the  vagina.  The  irritative  fever  that  followed 
the  electrolytic  operations  was  not  observed  to  any  marked  degree  alter 
the  use  of  the  galvano-cautery,  and  more  time  els^;>sed  before  recurrence. 

Take  the  case  all  in  all,  its  long  standing  and  wide  extent,  its  ex- 
cessively rapid  growth  and  still  more  rapid  reappearance  after  operation 
by  ligature,  the  frequent  repetition  of  long  electrolyzations,  and  the 
temporary  benefit  resulting  therefrom,  and  the  opportunity  it  afiorded 
Ux  comparing  the  advantages  of  electrolysis  and  galvano-cautery,  it 
may  probably  be  regarded  as  without  a  precedent  in  electro-surgery. 

Two  general  varieties  of  cancer  cf  breast, — In  their  relations  to 
electro-therapeutics  there  would  appear  to  be  two  general  vaiieties  of 
tumors  of  the  breast ;  one  variety  in  which  all  or  nearly  all  the 
mamma  is  involved,  and  which  is  very  hard,  firm,  and  unyielding,  the 
skin  being  tense,  glossy,  and  indicating  inflammation  and  induration. 
The  variety  is  more  obstinate  and  unyielding ;  the  pain  may  be  re* 
Ueved,  but  the  tumors  do  not  grow  smaller  imder  the  action  of  the 
current ;  they  can  be  diminished  in  size  or  remored  only  by  actul 
destmctioa  of  the  tissue. 
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In  the  other  vuicty  the  K\\mor  bvolves  but  a  limited  portion  ot  the 
breast ;  the  skin  is  not  tense,  but  is  soft  and  yielding,  and  of  the  natural 
color ;  the  growth  \s  felt  as  a  nodtile  beneath  the  skin^  and  the  pain  ia 
rot  usually  so  severe  as  in  the  other  variety,  and  the  growth  is  much 
blower.  This  variety  is  the  one  that  is  most  disposed  Co  yield  to  elec- 
trical treatment.  Not  only  is  the  pain  relieved,  but  the  tuiuors  grow 
softer  and  smaller*  In  other  cases  their  advance  is  arrestt^d  by  the 
treatrneot,  so  that  they  remain  stationary  for  months  or  years. 

Whether  what  we  call,  for  convenience'  sake,  and  for  clinical  reasons^ 
only  two  vaneiies,  are  really  but  different  stages  of  one  variety  j  whether 
the  latter  may  sometimes  come  under  the  head  of  abscess,  or  of  the 
atrophying  cancer  described  by  Billroth — these  questioiks  we  rcsigo  to 
the  pathologists  of  the  future. 


Fib  tSj. 

Scurhus  of  th«  hrc&st  Lrcitcd  liy  orduuuy  dectral^rsis.  "Hircc  needles  connected 
with  negSLtiv^  pole  in  V>gdy  of  Cumor ;  connection  tnadc  by  &  sponge,  the  po^tive  pote 
At  the  tadifTcfeat  paint  on  tbe  Lupus. 

Sfirrhm  fff  thi  left  hrt^U  in  a  womam  Agnf  fariy^Jivt — €»mpUU  tfnd  instant  reUff 
/rem  fxerircMtt^  fktin,  and  itt  the  miFTf  of  ffitr  dajft  diMfiptantHii ef  om  half 

Cask  CCXM  — Mrs,  — — ,  aged  about  45^  ftn  inoiftteof  Bellevue  Hospltnl,  ni 
Lffecied  wUh  cancer  oT  (h«  Ich  tircut, 

The  niacin  portion  of  ^cirrbiu  was  the  $ue  of  at)  ordinary  onutge^  tnd  extc&d- 
iag  into  tbg  axilla  wer«  a  number  of  caiicerous  mxlutes  of  cou&tiJerable  stzc 

The  surrounding  and  intervening  ttsoc  wu  u  hard  and  unyielding  as  the  ttiCDor 
liselt  Tbc  proci^  of  suppuration  was  beguuuQg  to  matnifest  itulf,  and  for  KveriJ 
weeki  the  patient  had  suffered  night  jwd  day  tb«  most  eKcrndating  pam  through  the 
iid<:L&cd  pajta^  The  fir&t  operation  was  performed  in  one  of  the  wards  of  the  hoS" 
[»tal,  tn  ihe  presence  of  Prof.  Frank  II.  Haimttoa  (who  hod  rec]Uf:sIccl  ua  Io  operate 
by  the  ckctiolytic  m^bod)  and  hia  private  dai^    Th«  palioot  Iwvmg  been  etberued. 


BENIGN  AND  MALIGNANT  TUMORS- 


we  introduced  deeply  into  ibe  upper  portion  of  the  brcvt  ihnc  gilded  bcedkHi  mH 
with  31  fourlh  traiislixeil  the  largest  of  ihe  ixillafy  oodulet.  Tbe  positive 
Urge  moist  sponge}  applied  to  the  under  portion  of  the  gla^^d.  No  voy  decii^ 
cluuigc  WAS  jaanUeitt  in  the  appeaiance  of  ibem&sa  during  the  oper&tioa  oiltcr  tlu 
some  puffing  up  of  ibc  skin,  due  to  the  disengaged  hydrogiro  ;  but  very  sooa  aAct  it 
Ibegon  tD  decrease  in  size,  and  in  ane  week  not  only  bad  all  itie  hardnes  of  the  fiar- 
rounding  Xhsnc  and  all  the  uillary  enUr^mcttts  entirely  diappcarcd,  but  tbe 
mammary  tumor  biid  decieased  in  size  at  leiut  one-balf.  The  most  gnacfal  relief  iH 
patient  expericncetl,  however,  w.ts  the  complete  and  seemingly  permanent  dwpatiot 
of  pain.  Id  ten  days  we  again  operated^  and  by  Che  &atne  aicthod,  in  the  amptA- 
theatre  and  before  Dr.  Hamilton  and  the  regular  cla^  of  the  college  Qn  tbe  fol< 
lowing  day  the  patient  feJt  so  couiforlable  that  she  left  the  hospital,  and  ia  ■  wtckN 
lime  pre»uited  herMlf  for  cxaminationr  when  it  wu  found  that  there  had  been  a  itill 
further  decrea^  in  the  size  of  ibe  tumor.  She  still  remdlncd  entirely  &ee  from  pais, 
and  WAN  delighted  with  the  results  of  the  trcattncut^  Most  imfortiuwtcly,  we  no*  )0€ 
dght  of  the  paticDt ;  but  afcw  months  subsequently  she  returned  to  tbe  bosjAtal,  rndbf* 
iixg  &om  malignant  disease  of  LEie  iuiestine,  of  which  she  died. 

The  following  is  a  condensed  report  of  a  case  treated  by  us  in  co- 
operatioti  with  Dr»  A,  B,  Crosby.  We  give  it  substancially  as  detailed 
by  him  t  * 

A       0/  sdrrkiu  ff/  tkf  reciuM — RiHif  iff  symptaim — Satii/oftary  AMJimg^ 

Case  CCXUI.— Mrsw  L.,  aged  60,  a  lady  of  a  nervous^  but.  on  the  whole,  oft 
healthy  temperament,  came  under  oar  care  Not.  7tb,  1S71.  Fur  three  yeare  she  W 
been  suffering  from  a  tumor  of  the  rectum  that  was  evidently  of  a  malignant  charac- 
ter— such  at  least  had  been  the  opinion  of  the  large  number  of  pbysidansanj  sm^eoni 
who  bad  seen  the  patient.  Bougies  were  fmiuently  inserted  and  various  remedJ«s  had 
been  tested — among  othcriictindunutgo,  which  the  patient  thought  afTonled  somerciicl 
On  CKaminaliony  it  wa&  found  Chat  the  growth  enLendcd  about  three  inche»  up  the  rec- 
tum, forming  a  hard  ring  and  a  stricture  so  nanrrw  in  th«  upper  ^rtiun  a><  haidly  lo 
admit  the  end  of  the  index-finger.  The  patient  was  tormcntc^l  with  flatulence:,  ami 
the  disttes!!  in  the  region  of  the  tumor  and  of  the  norvea  that  supplied  it  WW  fsy 
great.  The  pain  in  defecation  was  severe,  and  tbe  passages  were  mmil  and  very  fre- 
quent. She  was  able,  howeveTj,  lo  go  atiout  the  bouie  tnoffi  0^  lot,  aAil  oeoujonilly 
rode  out. 

We  b^an  treatment  by  localixed  galvanisation  externally  by  varions  fomtt  of  rectal 
electrodes  By  these  applicationSp  there  was  a  decided  and  grateful  relief  of  tlx  pam 
and  of  the  Aatulenc&  This  relief  continued  so  long  ^  thi^  method  of  tmtSKM  ra 
used, 

January  7th,  1872,  Dr.  Crosby  ruptured  the  aphbctcr  with  the  assistance  of  Dni 
Reese  and  Ostrinder,  who  administered  ether.  We  operated  with  a  dnc^vbon  b«l* 
tcry  on  these  protuberances  by  the  ordinary  method  of  clcutrolysia.  The  nsunl  smD 
needles  were  used.  The  operation  was  followed  by  some  irritative  fever,  hut  th« 
patient,  on  the  whole,  bore  it  ejicellcnUy,  and  tbe  whole  growth  was  relutd  u  thit 
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tJtt  jms&3^s  were  eadcr.  Three  weeks  ftfCer  the  operation  the  patient  wai  very 
niacb  beCter,  and  went  round  the  hou^e. 

Tlie  operatian,  which  lasted  forty  minQtes,  including  IntennifLsiom  consisted  !r 
inserting  one  needle  connected  with  the  positive  pole  into  the  body  of  the  growth, 
while  the  negative  needles  were  run  through  the  base  iLud  made  to  t^rA  arouftd  the 
Uisidc  of  the  rectum  at  the  base  of  the  tumor,  iis  Tat  fis  it  was  deemed  pnident  to  go. 
The  growth  wa>>  mostly  rentoved  in  this  manner^  □.nd  with  very  UUlc  bemorrhaj^Q, 
The  entire  ihirly-two  cells  were  employed,  and  (he  palient  was  kept  under  ether  for 
two  hour^w  Irritative  fever  rollowed  the  operation  for  five  djiys.  The  pulse  went  up 
to  120.  There  it'as  some  flatulence  and  pain  tn  the  abdomen,  hut  no  positive  tender- 
Dcss.  There  W4£  consider abk  urethra-l  irritation  and  dyiudAf  and  the  urine  was 
drawn  by  a  catheter. 

In  a  few  days,  the  patient  w»  able  to  discharge  large  and  wetl-farmed  fasces.  For 
about  a  months  thrre  was  sotne  dt^^harge  from  the  re'ctuni,  but  no  siymptoms  of 
p^Tciniu,  or  of  petitonitis  or  of  cellulitis  that  might  be  fcn-red  from  so  formidable  an 
operation. 

From  Ms^y  to  June  there  was  but  little  pain  in  the  rectttm  comparatively,  and  the 
patient  was  able  to  walk  about  &nd  to  go  out. 

May  15th,  the  pittient  rode  out  with  comfort,  and  she  strongly  hoped  that  the 
relief  would  be  pcrniancnt ;  but  there  were  signs  of  a  recurrence  of  the  growth,  in- 
creasing stricture  and  indurntioti,  and  the  fxces  gradually  became  smaller. 

Durint;  aU  ihi**  ttmc,  Dr.  Croaby  vroA  in  the  habit  of  introducing  sponge^tents  of 
good  size  abont  every  week  or  [en  daya, 

Dr  Crosby  being  called  away  July  ist,  Dr.  George  K.  Smith  wai  called  in,  and 
suggested  tlie  uscofox-gaU  injection  to  soften  the  faeces.  This  suggestion  was  acted 
upon  with  good  resiulis, 

The  patient,  who  was  subsequently  seen  by  Dr.  Colton,  gradually  grew  weaVei 
during  the  exces^ve  heat  of  the  summer^  uid  died  October  37th^  1^72,  apparently 
frotQ  exhaustion^ 

Dr.  Crosby  thus  epitomiies  the  important  features  of  this  case  in  its 
electro-surgical  aspects : 

"  That  this  growth  was  maligtiant  was  evident  from  the  history  of  the 
case  and  ail  the  sympiomsr  and  was  established  by  the  microscopic  ex- 
amination of  Dr.  Sjiier,  I  am  disposed  to  believe  that  if  the  lutDor  had 
been  in  a|X>sition  where  it  could  have  been  more  readily  reached,  and 
where  the  wh&U  growth  and  the  adjacent  farts  couJd  have  been 
tboronghly  electrolyzeJ,  the  results  would  have  been  very  much  better* 
As  it  waSj  it  seemed  unjustifiable  to  ititerfere  too  seriously  with  the  gut, 
test  we  might  destroy  it  and  produce  recto-vaginal  h^tuU. 

"  The  stricture  extended  upward,  about  three  inches  above  the  anua* 
and  ranged  from  three-fourths  of  an  inch  to  an  inch  in  breadth, 

"  It  was  only  at  one  point  anteriorly  that  it  extended  higher  than  three 
inches.  At  this  point,  a  little  indurated  tissue  could  not  be  removed 
inthout  endangering  the  recto-uterine  pouch  of  the  peritoneum. 
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"  Whatever,  then,  might  have  been  hoped  in  case  the  removal  hadbwt 
absolutely  complete,  it  was  certain  that  the  disease  must  cooiinuc  to 
develop  in  this  partLcu1a.r  case.  Anatomically,  thiee  incfaes  of  tKe  re& 
tLUii — that  is,  that  portion  within  the  perineum— -may  be  safely  reroond 
by  the  knife  even.  In  the  above  case,  the  spear- pointed  electrodti 
brought  away  a  large  annular  mass  of  sctrrhus  when  the  operation  vat 
perfonned. 

This  was  followed,  a  few  days  later,  by  the  separation  of  a  Uigf 
annular  slough,  and  the  rectal  wall  was  left  soft  and  free  from  disease 
except  the  small,  indurated  spot  that  extended  above  the  door  of  the 
pelvis  and  cotild  not  be  safely  removed.  It  is  a  fair  qu<^s(ioD  whctbet 
if  the  operation  had  been  done  earlier,  radical  imprcvemeot  might  M 
have  followed* 

**  A  point  of  practical  convenience  was  seen  in  the  method  adopted 
to  reach  the  stricture. 

"  I  first  completely  ruptured  llic  sphincter  ani,  so  as  to  tndace  com- 
plete relaxation.  A  piece  of  two-inch  lead  pipe,  aboat  two  inches  in 
lengili,  with  a  handle  soldered  on  one  side,  made  an  excclletit  spectiluiD, 
which  was  pushed  up  to  and  brought  the  stncture  fully  into  view, 

"Through  this,  it  was  possible  to  carry  the  spear-shaped  electrodef 
through  the  stricture  with  ease  and  certain^,  and  move  them  freely 
around  the  circumference  of  the  bowel. 

"  This  case  showed,  what  1  have  witnessed  in  other  cases  trended  by 
electrolysis,  no  primary  shock, 

•*The  irritative  fever  which  followed  was  veiy  marked  for  some 
daySf  but  there  was  no  primary  disturbance,  either  of  temperaixiie  or 
pulse, 

"The  removal  immediately  by  the  electrodes  and  secondarily  bf 
sloughing  of  so  much  tissue  necessitated  free  granulation. 

"  The  repair  which  followed  was  uuusually  rapid.  In  (act,  in  thil 
and  in  other  cases  treated  in  the  same  way,  I  have  been  Im pressed  vitk 
the  fact  that  proliferation  is  very  rapid  after  electrolysis. 

"  In  this  case,  the  granulating  surface  healed  rapidly  and  completely. 
We  anticipated,  independently  of  any  rcciirrence  of  the  disease,  decided 
contraction  of  the  cicatricial  tissue. 

"  Electrolysis  did  not  save  the  patient's  life,  but  it  was  more  effudesl 
than  any  plan  of  treatment  I  have  seen  adopted  in  these  most  dtstrcs* 
ing  cases." 
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BriirfitrHcK  of  a  mammary  cancer  Ity  tJu  kni/t^  f  allowfii     (ompietf  tleitrtuiiam  4f 
rAt  underlying  ttsxue     iJedrofysiM^fim^p^ariiHce  of  the  growtJk. 

Case  CCXIV. — Mnt  H.,  a  morrjed  lady»  aged  about  forty,  came  under  our  obfara 
tion,  througli  the  kindness  yf  ProC  J-  U  Cabell,  of  the  University  of  Virginia.  Th< 
patient  was  sufTeritig  from  cniicer  (scirrhus)  of  the  left  breast  of  about  the  siee  of  as 
ordinHry  ofiuiuc,  inU  in  Edition  one  of  the  axUUry  gloncU  was  enlarged  to  the  pro- 
portions of  on  ordinary  hickcn^-niil. 

She  hd^i  obwrvcrJ  while  iti  India,  eighteen  years  before,  a.  small  lump  in  the  breMt, 
but  during  nil  the  yeiiri  of  her  residence  iti  ihnt  climate  it  remaiticcl  station^try  And 
never  annoyed  her.  About  ctghleon  mtinths  before  we  saw  hrf,  she  left  India  for  Rng< 
luiil,  and  soon  after  afriving  m  that  colder  and  damper  atmosphere  (he  iump  t>ee«i 
to  enlarge  During  the  prace:3S  of  its  growth  ifae  hai  suffered  from  oci!a^Dnal  aetfrail- 
gk  pains,  but  of  no  great  severity. 

On  June  12,  1^  and  xB,  1S73,  we  operated  by  the  ordinary  method  of  electrolysis, 
on  eat^occasion  Lnrroducing  three  needles;  These  eflforts  merelj^  resulted  in  a  soflcr 
conditiun  of  the  lumorj  with  possibly  some  ^.light  diminiilion  in  siae,  ard  we  deter* 
mined  to  extirpate  the  growth,  and  to  destroy  the  surronndirg  tissue  by  the  under- 
mining electrolytic  process.  The  palicnt  went  to  bi:r  home,  and  tn  October  the 
reinmect  and  submitted  to  ihe  radical  operation.  Instead,  however*  of  taking  «way 
the  tumor  by  the  process  proposed,  we  secured  thcser^  icet  of  Dr.  A.  B.  Crosby,  who„ 
on  the  ei^'hth  day^  after  the  patient  had  been  thoroughly  etherized  by  Dr  N.  B. 
Emermn,  quickly  removed  both  the  breast  and  the  enlarged  gland  of  the  axilta* 

Wc  hati  at  hand  an  appliance  consisting  of  some  twenty  points,  projecting  from  a 
metal  plate  an  inch  and  a  half  long,  by  an  inch  in  width. 

This  contriviin(.'c,  which  we  call  a  harrow  eleetrDde^  was  plac^  on  a  portion  of  tl» 
varface  of  the  wound,  and  the  operation  was  continued. 

TJie  needle!)  jie^tetraled  somewhat  into  tlie  exposed  tissues,  and  the  electrolytic  pro* 
ces^  which  was  at  once  begun,  gave  evidence  of  its  usual  activity.  Hydrogen  was 
developed  in  abundance,  and  the  ti^ues  chan^d  in  color  and  consistency,  and  rapid 
«nd  complete  destruction  Followed  to  a  con^derable  depth.  By  this  method  the  whole 
of  ihc  freely  euposecl  ■surface  was  worked  over  and  destroyed,  and  those  portions  thai 
were  more  or  less  hiditt^n  were  treated  by  two  or  three  ordinary  electrolytic  oeedlea, 
It  was  necessary  to  observe  some  caution  in  the  reflation  of  the  strength  of  the 
current  and  the  position  of  the  polea,  for  when  the  current  was  increased  above  a  cer- 
tain point,  or,  ihrough  tJ'ie  position  of  the  pole$,  alTectciLl  too  directly  the  pneumo- 
gastric  nerve,  the  heart's  J^lion  became  most  markedly  lowered  both  in  frequency  and 
force.  On  modifying  ihe  influence  of  Ihe  current,  however,  the  circulation  became 
U  strong  as  usual— for  a  moment,  indeed,  there  was  an  increased  vij^or  in  the  reaction. 
Tlie  suppuration,  which  was  quite  profuse  for  a  time,  was  follow^  by  a  healthy  gra- 
nulating surface  and  in  ten  days  the  palieat  was  suSicicntly  recovered  to  Teliim  to 
Virginia,  where  the  healing  process  progressed  favorably  througlwnt. 

Some  bin  months  tubseqaoitly  the  growth  be^a  to  reappear,  and  will  imdoiibiedl| 
dcstfO}  the  patient. 

The  above  history  is  of  interest,  simply  as  an  illusrranon  of  the 
Special  method  of  treatment  employed.  The  case  tras  of  many  years' 
atanding»for  two  years  the  growth  had  been  constantly  enlarging,  in- 
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volving  the  axillary  glands — hence  it  cannot  by  any  means  be  regarded 
as  a  test  case.  Of  the  two  methods  of  treating  scirrhus,  viz.,  the  re 
moval  of  the  growth  by  the  electrolytic  process  alone,  without  the  use 
of  the  knife,  or — as  in  the  case  just  related— extirpation  by  the  knife, 
with  the  subsequent  employment  of  electrolysis  for  the  purpose  of 
destroying  the  reproductive  power  of  the  disease — the  latter  seems,  at 
least  to  one  of  the  authors  of  this  work,  decidedly  preferable. 

By  this  method,  although  two  distinct  operations  are  performed,  less 
time  is  consumed  in  the  operatioi),  and  it  is  possible  more  eifectuallr, 
and  to  a  greater  depth,  to  destroy  the  underlying  tissue. 

Relief  of  the  pain  of  cancer  by  gahanitation. — So  long  as  we  are 
able  to  do  so  little  towards  the  radical  cure  of  the  worst  forms  of  cancer, 
it  can  never  be  amiss  to  dwell  upon  any  means  that  will  even  for  t 
time  relieve  the  awful  agony  that  so  frequently  attends  it. 

It  is  not  sufficiently  understood  what  a  magic  influence  an  intelligendy 
directed  application  of  the  constant  current  exercises,  as  a  rule,  over 
the  throbbing  pains  of  scirrhus,  especially  of  the  female  breast.  The 
woman  at  Bellevue,  we  referred  to  in  Case  CCIX.,  p.  714,  had 
suffered  most  severely  for  many  weeks.  After  the  first  introduction  d 
the  needles  every  vestige  of  pain  left  her,  and  during  the  two  weeks 
that  she  was  under  observation,  before  leaving  the  hospital,  she  was 
entirely  comfortable.  A  number  of  similar  cases  might  be  recorded, 
but  we  will  offer  only  the  following,  which  is  perhaps  of  more  interest 
than  the  majority : 

Ah  immense  ukerating  scirrhus  of  the  breast  attended  By  the  most  excruciating  ami 
constant  agony — No  relief  follows  the  use  of  the  galvano-cautery  or  electrolyas^ 
but  by  external  galvanitation  the  pain  is  kept  almost  entirely  in  abeyance  for 
months. 

Case  CCXV.— In  Febmary,  1S73,  Mrs.  ,  a  patient  of  Dr.  Everett  Herrick, 

came  to  us,  seeking  relief  from  an  immense  ulcerating  cancer  of  the  ln«ast.  The 
tnmor  had  been  removed  more  than  a  year  previously  by  Dr.  W.  H.  Van  Bnrea, 
but  the  wound  did  not  entirely  heal,  and,  a  few  months  subseqaently,  the  ulcerative 
proce^  began,  and  steadily  progressed.  For  many  months  the  pain  from  which  shs 
suffered  had  been  of  unusual  severity. 

By  the  advice  of  her  physicians,  above-named,  she  was  submitted  to  localized  gal- 
ranization  of  the  sound  portions  surrounding  the  ulcerating  part,  and  by  frequent 
applications  the  intense  pains  were  for  nearly  four  months  held  in  almost  complete 
abeyance.  At  times,  however,  her  sufferings  were  most  intense,  and  words  fail  to  ex- 
press the  instantaneous  and  absolute  relief  that  invariably  followed  the  treatment. 
We  would  occasionally  find  her  in  the  morning  suffering  most  acutely.  An  applica> 
tion  would  dissipate  the  pains,  and  for  twenty-four  hours  frequently,  and  sometimes 
for  forty-eight,  she  would  move  about  and  rest  in  perfect  comfort.    In  the  Utter  part 
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of  MbJT  \t  WHS  observed  that  the  current  did  not  afford  the  sam<  rclieras  rormerlT 
The  eharo^l^r  of  her  iu^crings  had,  however^  changed.  En  the  plice  of  the  fharp) 
sthootijTfi  pains  wmuLirmg  neuralgia,  the  distress  consisted  in  a  ct>n&l«nt  burning  and 
ildiing^^  which  annnyctl  het  more  or  less  until  her  death  &ome  fewmonlhi  subse- 
qiiently.  It  must  be  remawked  that  her  later  sufferings  were  not  to  be  qumparcd  wUb 
those  which  the  current  m>  eHectudly  allayed. 

Wai  the  chAnge  in  ilie  character  of  her  pain*  the  rcsalt  of  the  gftlvttdtzAtiQp,  or  ii 
it  probable  [hat,  if  left  lo  fixture,  the  charact eristic  neuralgic  pains  would  in  the  same 
way  have  been  replaced  by  the  Ici^  distressing  symptoms  of  itching  and  burning? 

It  Is  impossible  to  say,  but  it  secmfi  rea^Dinabte  to  attribute  the  changed  action  lo 
the  influence  of  treatment.  It  i»  proper  to  say  thai,  during  the  course  of  treatment, 
wc  operated  in  the  prexncc  of  Dn  Van  Burcn  and  Herrick,  by  both  the  gaJvano- 
cautery  and  eleclroly^ts,  with  the  vain  hope  of  modifying  in  some  degree  the  profuse 
■ikI  oHensive  discharge  and  checking  the  rapidtiy  of  the  ulcerative  procea.  Thil 
3Me  wai  alone  sufficient  to  teach  the  nece^^iiyof  cftre  in  the  application  ofclectricity, 
aad  to  confirm  the  statement  Ihat  it  is  not  so  much  eEcctridty  that  relievefi  and  cnrei 
AS  the  tnetbod  of  using  it.  An  application  too  prolonged,  or  tvith  a  current  of  too 
great  ten^ion^  would  not  only  fati  to  reUcve,  but  on  the  contrary  decidedly  aggravate 
lhcdistre&  The  cathode,  applied  to  the  seat  of  pain,  did  not  relieve  as  did  the 
anode. 

The  pain  was  for  some  time  uvercome  hy  simple  localue^I  galvftntzdtlon,  hut  dur*^ 
ing  the  last  weeks  of  treatment  the  applications  were  effectual  only  when  the  elee- 
trcdes  were  sejiarated  as  far  as  possible- 

AdeiiUit, — Enlarged  glands  of  the  neck  or  groin  may  be  treated  by 
external  faradizalion  wiih  strong  currents,  interrupted  so  as  to  break 
up  the  glands  as  recommended  by  Meyer,  or  by  external  galvaniza- 
ljon»  or  by  pkctrolysis. 

The  prognosis  is  very  capricious.  In  some  cases  ihc  enlargements 
diminish  quite  rapidly,  and  entirely  disappear  i  in  other  cases  they  are 
as  obstinate  as  scirrhus  of  the  breast.  In  one  case  referred  to  us  by 
Dr.  C.  L.  Mitchell,  an  enlarged  parotid  gland  was  treated  at  lust  by 
external  faradisation  and  galvanization  with  the  effect  of  hastening 
suppuration.  After  the  tumor  was  opened  the  inner  portions  were 
treated  through  the  opening  by  mild  electrolysis,  and  the  tumor  speedily 
disappeared. 
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ANEURISMS  AKD  TARI  X>SS  VEINS. 

In  the  treatment  of  aneurism  the  great  end  sought  is  coagulation.  A 
knowledge  of  the  di£ferential  action  of  the  poles  in  producing  coagiiU 
tion  is  essential  to  an  intelligent  use  of  electricity  in  treating  aneurism. 
Coagulation  takes  place  at  both  poles  of  the  galvanic  current;  diat 
at  the  positive  pole  being  small,  black,  and  hard  ;  and  that  at  the  nega^ 
tive  being  larger,  softer,  and  of  a  yellowish  color. 

Aneurisms  may  be  treated,  with  greater  or  less  success,  according  to 
their  size  and  position,  the  condition  of  their  walls,  and  general  healdt 
of  the  patient,  by  either  of  the  poles,  or  by  both  combined. 

The  best  method  for  the  majority  of  cases,  certainly  for  aneurisms  of 
any  considerable  size,  is  to  use  both  poles,  and  a  large  number  of  needles 
that  are  insulated,  so  that  the  current  will  not  act  on  the  walls  of  dte 
aneurism.  In  the  treatment  of  aneurism,  especially,  carefiil  insulation  ii 
needed.    The  advantage  of  using  both  poles  is  twofold. 

Jf'irst — A  double  clot  is  formed,  one  at  the  positive  and  the  other  at 
the  negative  pole.  Although  the  negative  clot  is  soft  and  jdelding,  stQl, 
in  combination  with  the  positive  clot,  it  is  of  decided  service  in  dosing 
the  aneurism  ;  and,  so  far  as  we  can  ascertain,  there  is  no  evidence  thit 
embolbm  is  ever  caused  thereby. 

Secondly.  The  resistance  is  greatly  reduced  by  placing  needles  con- 
nected with  both  poles  in  the  sac,  so  that  the  electrolytic  action  it 
very  much  more  effective  than  when  one  pole  is  placed  on  the  surfiice 
of  the  body.  The  blood  is  the  portion  of  the  body  that  best  conducts 
electricity ;  and  when  both  poles  are  inside  of  the  sac,  and  near  to  each 
other*  as  of  course  they  must  be,  a  mild  current  will  cause  vigorous 
electrolysis.  On  the  other  hand,  if  one  pole  be  applied  by  a  wet 
s(K>nge  to  some  indifferent  point  on  the  surface,  a  strong  current  is 
ikeeiled  to  produce  a  clot,  and  a  long  operation  ;  and,  unless  the  sponge 
oil  the  surface  is  occasionally  moved,  it  would  cause  great  pain  ;  and  if 
the  patient  is  under  an  anassthetic,  a  blister  may  be  caused.  As  the 
Kgfttive  pde  is  more  painful  than  the  positive,  when  the  positive  alone 
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IS  in  the  aneurism,  Ihe  negative  on  the  iurface  may  be  very  uncomfort^ 
able,  even  with  a  feeble  current.  We  are  aware  that  tolerably  good  re- 
sults have  been  secured  in  many  cases  of  aneurism,  and  especially  by 
the  English  surgeons,  by  the  positive  po!e  alone  ;  but  we  suepect  that 
better  results  might  have  been  obtained  if  both  poles  had  been  inserted 
into  the  sac  At  all  events  the  itse  of  both  poles  should  be  thoroughly 
tested** 

In  the  electrolytic  treatment  of  aneurisms,  as  in  so  many  other  elec- 
trical applicalionSf  it  is  an  advantage  to  have  a  rheostate,  so  as  gradually 
lo  lei  the  current  on  or  off  without  shock. 

Staiistics  of  Aneurism  treated  by  EUctriciiy.—''T\L^  published  statis- 
tics of  aneurism  treated  by  electricity  are  of  little  or  no  valuCf  and  for 
two  reasons  :  i.  They  represent  experiments  made,  in  a  large  percent- 
age of  the  cases,  by  those  who  are  but  little  familiar  with  Electro- 
Physics,  or  Electro-Physiology.  Quite  frequently  the  poles  have  been 
confounded,  so  that  it  is  impossible  to  tell  whether  the  positive  or 
negative  is  used,  and  from  many  of  the  accounts,  it  is  impossible  to 
tell  even  approximately  the  strength  of  current  amployed 

2.  The  statistics  are  derived,  in  part,  at  least,  from  cases  that  are  re 
ported  too  early.  The  temporary  relief  that  results  from  the  coaguluni 
formed  in  the  aneurism  by  the  chemical  action  of  the  current  has  been 
interpreted  as  indicating  a  perfect  recovery. 

Some  of  the  cases  hastily  reported  as  cured  probably  died  soon  after^ 
if  not  before,  the  account  of  their  recovery  was  fully  in  print. 

For  these  reasons  we  omit  all  the  statistics  that  have  appeared  on 
this  subject ;  preferring  the  general  average  opinion,  so  far  as  it  can  be 
obtained,  of  those  surgeons  and  electro-therapeutists  who  are  best  qual- 
ified to  speak  on  this  subject* 

Our  general  conclusion,  derived  from  many  experiments  on  animals, 
from  actual  experience,  and  from  a  comparison  of  the  various  observa- 
tions that  have  been  made  on  the  subject,  is  that  for  those  varieties  of 
aneurism — such  as  the  thoracic,  abdominal,  and  so  forth — that  cannot 
well  be  treated  by  the  old  methods,  and  in  some  cases  for  those  that  are 
accessible  to  other  treatment,  galvano-puncture,  rightly  performed,  may 
be  of  great  service  in  relieving  the  accompanying  symi>toms»  in  prolong- 
ing life,  and  may  now  and  then  achieve  a  radical  cure. 

The  following  case  is  condensed  from  the  published  account  of  Dr. 
Keyes,*  in  co-operation  with  whom  the  operations  were  made  \ 

*  New  York  Medical  Journal,  December,  1871* 
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DttUh  arid  post-mortem. 

Cask  CCXVI. — A  widow,4jycarsof  age,  Iwd  bcoi  nfftictcd  for  many  montln  will 
n  swelling  in  her  stomacli,"  Lh.at  all  the  surgeons  r^ard  fti>  anmhsm  uf  tlw  aprtif 
me^iitenc,  orofiheaorta-  The  patient  w-nj^in  Charily  Hosphal.  T7iere  vras  fnis  In 
cpigislrii;  fcgion,  lYhich  was  aggnvnted  by  movement.  The  luinor.  whkh  wu  ihooi 
the  Mxe  of  the  fi^t,  ifrfli  situated  tc  the  left  of  the  mediiui  line,  oikI  cucnded  %  Utth 
below  the  umbiiLu^.  A  i\\r\\\  couJU  be  detected  m  ihe  upper  part  of  the  tvAVi  tal 
nol  at  the  lower. 

The  patLcni  was  gnidually  filling. 

The  only  cfl-sc  pf  treatment  of  ibdominid  wteurism  by  galvano-pttnclane  reorHed  i* 
(h&t  time  was  thai  of  an  Itaiian  nobleman,  a  patient  of  Dr,  Felice  DcU*  Ac^tuii-*  I» 
tliis^  ca&e  the  patient  died  directly  after  the  operation  from  rupture  of  the  aneuttvnil 
Htc,  cause  1  by  vlulciit  tiiu^iilar  cotttractions  while  under  the  uUSaenee  of  cKLoraf^iCBk 
Three  nec'llcs,  connected  with  A  vqltlic  pic,  were  used  fotty  xnmiatef .  Only  1 
small  coAgtilum  was  formed. 

March  3,otli,  i37I.  A  hollow  steel  needle  was  criutioosly  introduoed,  amIc^ftned<J 
with  the  positive  pole*  while  the  neg;ative  pole  was  applied  extenially  by  meamof  a 
upouge.  Only  from  eight  to  twelve  £mc-carbon  cells  were  used,  Dj^  Wood,  ^St/re^ 
and  Ma^on  luftde  digital  C!5Tiiprei*iQn  to  the  aorta  below  the  umbilieitK  T1i»  onAt 
adhered  ami  came  out  with  somedifhculty,  but  no  bLo<Ml  fulluwcd.  trmiS  tftmti 

fainter  ihan  i^ifort  tht  Qprratian.  No  nnpteasam  r^^tilt  fi.»11uw«d  eacept  imoe  pala 
that  wa^  profluced  by  the  compresioiL,  and  exhaustion  that  was  prodnjool  bf  Uk 
ethemation. 

April  6th,  Operate*!  as  before^  but  with  two  positive  needles  insjlaled  to  vVUila 
a  short  dkl^sce  of  the  points.  One  of  the  needles  ^-as  hotlow,  and  wms  liitrodoced 
until  the  blood  flowed  through  it.  From  twelve  to  sixteen  freshly  charget!  ^xtx:<u\am 
cells  were  used  for  twenty-five  minutes.  The  solid  needle  was  more  «<rted  onihaA  tta 
hollow  needle,  being  nearly  dc»troyed  at  the  nun-innt)alei1  cxtrrmtly.  No  compr^afam 
was  used,  Beftfre  thz operatiim  twti  murmttri  Txrriv  AmrJ ;  ft/frr  fkf  Of>tr^U^%^  \aC 
one.  Patient  suffered  less  than  after  the  other  operation.  Some  irritative  fever  a|»> 
peared.    Evidence  uf  soUdtftcntion  of  the  tumor. 

May  4th.  Six  positive  needle?  were  introduced  ;  three  eonnected  villi  a  ztne-cachoi 
tmttery  of  seventeen  cclU  with  larger  plateii.  The  current  was  pssflcd  for  fatty  <M 
oiinute^    There  was  00  compression  of  the  aoria. 

June  22d.  Patient  greatly  itciproved;  getfi  up  and  dresses  herself.  Tnmoi  (jattt 
hard. 

Used  two  batteries  as  in  previous  operation.  Eleven  needles  were  used*  and  tk 
current  was  passed  sLxty^iive  minutes.  There  was  \&&  irritation  afier  thh  ihn  afttf 
the  other  operations  The  tumor  l>ecame  harder*  but  not  smaller,  «nd  a  waawM 
coatd  he  heard  only  with  [;reat  dlfiicnlty. 

spite  of  the  improvement  in  the  coTtditioD  of  the  tamor  the  patien<  )»rcw  vca^a 
and  we.iker,  and  die«I  of  cxJiau^iion,  July  |S|  1S71. 

Posl-martim  examination  by  Dr,  Drake  revealed  thesurprtnng  fact  that  thep«tie«( 
bad  thrt^*Qmnrums  :  one  of  the  arterta  innomitkfita  flibout  twice  the  size  of  an  Fjigltt 
waluut }  one  of  the  aorta  opposite  the  sixth  and  $evcnth  dor^l  vcrtetii  je,  abuui  clercl 

*  Oazielta  Medics  Ilaliana,  Lombaniia,  No.  xS,  iSjo.  317. 
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ndbc*  to  cireutnfercna  ;  and  the  one  operated  on,  which  was  found  to  an&e  from  tlu 
ftntcrior  wnU  of  the  nxtrta  at  the  origia  of  the  superior  mesenteric  Thh  aneurism  wu 
about  twelve  and  a  half  inches  lu  ciicumferbuce.  lu  all  three  of  the  aneurUns  orgumed 
li|fht>colort:d  cluls  were  found  The  one  opemted  on  was  \cs&  solid  than  the  others 
There  was,  mdeed,  no  evidence  that  tlie  galvano-pucctttre  had  produced  Any  perma- 
nca\  clot.  It  is  ppsuble,  however,  chat  It  caused  a  temporary  clut  that  wav  wa^^ted 
^way  by  the  current  of  blood.  There  is  no  queation  that  the  tumur  became  mort 
tatid  after  the  &/frai£ait,  and  that  /Ms  fslidificathH  awM  ^tendtd  with  diminuti&m  of 
iAt  mtmea  and /mn^ 

Luigt  CinLseUi  *  has  written  a  ii^onograph  on  anatrijms  &f  the  tho- 
ra(k  mrta  treated  by  galvano-i>iinctiire.  He  speaks  of  twenty-three 
caseb.  Of  these  six  recovered^  sixteen  died^  and  in  one  case  the  result 
is  t)ot  kuowQ.  Of  the  six  reported  as  cured,  one  relapsed  in  three 
months,  another  in  seventeen  months,  another  in  four  months,  but  was 
a^am  operated  oti,  and  after  eight  months  there  had  been  no  relapse. 
Of  the  remaining  three  cases  one  had  not  relapsed  up  to  nine  and  a  half 
months,  another  had  not  relapsed  at  eight  and  a  half  months,  and  the 
last  remained  well  at  four  and  a  half  months. 

Eyre  has  reported  a  case  of  anenristn  of  the  left  external  iliac  artery 
by  /(jrij:^0-puncture.  Symptoms  of  inllammation  appeared,  but  after 
seventeen  days  the  tumor  was  firmer^  and  evinced  less  pulsation.  The 
fkradic  current,  however,  has  Qothing  to  commend  it  for  the  treatment 
of  aneurism. 

CiniscIlL  Bticcosfully  created  an  aneurism  of  Che  ascending  aorta  in  a  patient  forty- 
nc  years  of  age*  by  a  galvang-purjcturc*  Three  needles,  connected  with  a  voltaic 
pile  of  thirty  pairs  were  iaurled  in  the  third  mtercoBtal  space  wheie  the  tumor  wat 
prominent  oiid  the  pul&at ion  strong.  The  operation  lasted  forty  minutes^  After  the 
Operation  the  skin  over  the  tumor  wasred.  For  three  weeks  the  patient  kept  his  bed 
atid  (00k  digitnlis.    Forty-three  di^yb  after  the  operatioa  he  left  the  hospital. 

Fifty-eight  days  after  the  operation  only  a  slight  proinineace  remained,  and  no  pul- 
sationci  could  be  seen.  Seveaty-etght  days  after  the  operation  the  patient  resumed 
his  occupation,  which  was  that  of  a  coachman. 

Varkost  J^i'/ffj,— Varicose  veins  were  treated  by  galvano-puncture 
after  the  manner  of  aneurisms  many  years  ago, 

Bertani  and  Milani  experimented  in  the  treatment  of  varicose  veins 
by  gatvanO'pnnctiire  as  far  back  as  1847.  These  observers  applied  a 
bandage  or  tourniquet  to  tlie  lijub  to  diminish  the  blood  supply  before 
operating, 

*  Su^li  aneurism!  dell'  Aorta  toiacica  finora  trattati  coUn  elettro-puntura.  Miliano, 
|S7a  Quoted  in  Dr.  Keye:s*ft  paper  on  Practical  Electro-Therapeutici,  N,  Y,  Ucdicat 
Toonud,  December^  1S71. 
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Baumgarten  and  Wertheiiner  successfully  treated  a  severe  case  of  var< 
icose  veins  of  the  upper  extremity  up  to  the  acromion,  whence  the  evil 
seemed  to  spread  over  the  trankl  The  patient  was  a  young  girl  The 
limb  had  doubled  in  size. 

"  Baumgarten  and  Wertbeimer  introduced  in  three  atting%  at  an  interval  of  two 
or  three  days  each  time,  about  ten  needles  into  the  most  extended  reins,  pladi^s 
conductor  connected  with  the  n^ative  pole  in  the  hand  of  the  patient,  at  the  ssae 
timr  connecting  all  the  needles  with  the  positive  pole.  The  operation  caused  but 
Uttle  pain.  After  a  few  minutes  the  needles  wen  removed,  wtun,  ia  plaoe  of  the 
dilated  veins,  fuU  resistant  cords  were  felt,  a  tere  agn  of  complete  coagolatioo. 
After  a  month,  the  greater  portion  of  the  vdns  were  obliterated,  and  the  volume  of 
the  limb  considerably  reduced ;  only  then  th(»e  veins,  heretofore  of  normal  sixe,  be- 
gan to  dilate  a  Uttle,  which  circumstance  can  exercise  no  inflnitnce  on  dnr  opini«  o( 
this  modus  operandi."  * 

For  the  treatment  of  varicose  veins  the  positive  pole  would  possiUy 
be  better  than  the  negative  or  than  both  together,  and  for  the  reasons 
above  given.  The  space  within  the  enlarged  vein  is  comparatively 
small,  and  the  small  clot  made  by  the  positive  pole  ought  to  be  sufficient 
to  obstruct  the  flow  of  blood.  The  positive  clot  would  have  the  ad> 
vantage  of  firmness,  and  embolism  would  be  less  likely  to  follow  dian  ate 
the  use  of  the  negative  pole. 


•  Usjfgt  op.  dt,  p,  471. 
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STRICTURES. 

ShH^itres  i>/  the  Urethra. — Electrolysis  for  stnctures  was  first  used 
^ J  Cfusstl.  The  same  treatment  was  subsequently  employed  by  Wille- 
btand  A.rid  Wertheimer. 

The  method  of  Willebrand  was  to  introduce  to  the  stricture  a  metallic 
^ound,  iiBuUted  up  to  the  tip,  and  to  connect  this  with  the  negative 
pol^i  while  the  positive  was  held  in  the  hand  of  the  patieuL  The  ap- 
jjliration  was  continued  for  ten  or  twenty  minutes,  and  the  cure  was 
accomplished  in  eight  or  ten  days. 

The  subject  was  afterwards  studied,  though  not  with  special  success, 
by  Jaksch  and  Leroy  d'EtioUes. 

The  first  important  and  successful  results  in  the  electrolytic  treat- 
ment r>f  strictures  of  the  urethra  were  obtained  by  Mallez  and  Tripicr, 
in  1867.  * 

Their  method  of  treatment  was  to  introduce  an  insulated  sound  with 
a  meiaJlic  extremity  to  the  seat  of  the  stricture,  connecting  \x  with  the 
negative  pole,  while  the  positive  was  applied  to  the  inner  side  of  the 
thigh  by  a  moistened  sponge  electrode. 

At  the  commencement  of  the  operation  the  patient  feels  a  pricking 
sensation.  This  sensation  becomes  less  and  less  marked*  The  me- 
tallic extremity  is  then  passed  along  until  all  parts  of  the  stricture  are 
affected.  After  the  operation  a  catheter  can  be  introduced  without 
diHiculty. 

The  operation  lasts  about  five  minutes;  from  one  to  five  applications 
are  necessary.  In  the  majority  of  tlie  thirty-one  cases  treated  by  Mallez 
and  Tripier,  as  they  claim,  one  application  was  sufticient. 

The  diameter  of  tlie  urethra  seems  to  increase  slightly  for  a  few  days 
£ucceedlng  the  operation,  and  m  some  cases  an  eschar  was  thrown  off 
Id  a  few  days  after  the  operation. 

*  I>e  la Gu^Hboq  durahfe des  RfitrdcLssenaentsderUrithrCf  porlaGftlvano'Causiique 
Chimique,  Puns,  1867,  The  term  tfumical gahMtm^auiery**  Qsedtiy  thcKaulhc*!^ 
b  lynoavrwo'is  with  titetrolytu, 
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Experiments  made  in  Charity  Hospital  by  Drs.  Keyes  and  Beard,*  ad 
the  experience  of  Dr.  Rockwell  in  private  practice,  do  not  entireljr 
c-onfirm  the  results  given  by  Mallez  and  Tripier,  although  substantially 
the  same  method  was  used.  The  operation  was  found  to  be  painfo! 
oftentimes,  and  the  results  not  always  satisfactory,  as  the  following  Fecorc^ 
which  is  a  fair  sample,  will  show. 

Case  CCXVII.— F.,  aged  forty,  general  health  excellent.  First  gooorrhcBa  at 
twenLy -second,  second  at  tbirty-eightfa  year  of  age.  Stream  became  gradullj 
reduced  until  Jan.  xi,  1871,  at  which  time  he  had  complete  retention  for  fifteca 
hours,  relieved  by  hot  baths.  The  patient  entered  the  hosiMtal«  and  was  rreated 
by  dilatation. 

February  6th. — Examination  detects  the  following  strictures  (orifice  admits  14 
easily) :  At  orifice,  stricture  (linear)  arresting  No.  14  soft  bulbous  sound.  At  n»» 
and  a  half  inches,  stricture  (linear)  arreating  No.  la.  At  five  inches^  stricture,  one-durd 
inch  long,  arresting  No.  9.  Current  from  ten  cells  was  passed  through  second  rrio- 
ture  for  five  minutes.  A  good  deal  of  pain  complained  of.  Current  from  ten  f-dk 
was  passed  through  lower  stricture  for  ten  minutes. 
No.  12  bulbous  sound  passed  easily  into  the  bladder  after  the  operation, 
March  4th. — No  slough  has  been  passed.  No.  9  steel  soond  b  grasped  fay 
stricltae. 

March  15th. — (Using  my  own  instrument  with  steel  bulb  1$^  .) 

Stricture  at  the  orifice ;  fifteen  cells;  five  minutes ;  bulb  passed.  Structure  at  two 
and  a  half  inches;  sixteen  cells ;  ten  minutes ;  bulb  passed.  Strictnre  at  £ve  inches; 
sixteen  cells ;  thirteen  minutes ;  bulb  passed.  A  little  blood  was  lost  at  this  opera- 
tion, and  a  good  deal  of  pain  was  felt  afterwards.  No  slon^  was  passed,  llie 
orifice  swelled  and  became  hard  and  inflamed.  Patient  refused  to  follow  np  tbt 
treatment  or  to  be  examined  further. 

Dr.  Robert  Newman  reports  far  more  satisfactory  results  in  the 
treatment  of  strictures  of  the  urethra,  f 

The  leading  and  distinctive  features  of  his  method  are  these :  i .  The  use 
of  very  mi/d  galvanic  currents,  just  perceptible  to  the  patient,  and  from 
three  to  five  minutes  in  duration.  Like  other  observers  he  nses  the 
negative  pole.  The  instrument  should  be  held  loosely  against  the  ob- 
struction, and  no  pressure  should  be  used,  and  no  force  whatever.  3. 
Long  intervals,  from  two  to  four  weeks,  between  the  applications. 

Dr.  Newman  insists  on  a  careful  preliminary  diagnosis  of  the  nature 
and  exact  seat  of  the  stricture.  He  operates  with  bougies  provided 
with  metal  bulbs  of  various  sizes.  Unless  the  stricture  is  too  firm 
or  fibrous  he  uses  a  bougie  which  is  three  or  four  times  laiger  than  the 
stricture.    After  he  has  ascertained  by  measurement  the  exact  locality 

*  From  article  of  Dr.  Keyes  in  the  N.  Y.  Medical  Journal,  December,  1871. 
t  Aidnret  of  Elecfrology  and  Nearok>gy,  May,  187  b  p>  l& 
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of  the  stricturcj  he  pushes  a  small  india-rubber  ring  over  Ihe  bougie,  at 
such  a  distance  from  the  end  that  when  ihe  ring  reaches  the  meatus 
he  will  know  that  the  bulb  is  in  contact  with  the  stricture,  and  then 
he  is  assured  that  the  electricity  acts  only  on  the  stricture. 

Dr.  Newman  regards  a  patient  as  cured  when  a  No.  12  English 
sound  can  be  passed  without  trouble.  He  claims  to  have  treated  in 
ihis  way  over  thirty  patients,  and  that  his  results  have  been  uniformly 
good,  and  for  the  reason  in  part  that  he  has  selected  his  cases.  He 
does  not  claim  that  ail  strictures  can  he  treated  successfully  in  this 
way,  but  states  that  some  of  his  cases  were  bad  and  complicated.* 

7«w  jtrUturfs — CMamroiJ — Faiture  of  diltttatien — Siueess  with  tUttrolysit, 

R.  A,r  l>otel-k«!pcr,  came  under  Ueatincnt  in  M^h,  1872.    Had  htea  treated 
in  t^ifi  counlry  fot  stricture  hy  dilatatlciii,   wtlh  no  success^    Found  ii  chancroid 
io  the  urethra.,  which  was  trca.terl  first.    The  two  strictures  were  fouod  situated 
ane  And  a  quarter  and  four  and  a  half  inches  from  meatus  respectively. 

Mttrch  22.  Electrolysis  was  used  wUh  4  bougie  No,  10,  with  n  raedd  bulb  as  ne- 
gAtiv« ;  positive  electrode  In  the  |^alm  of  tbe  hand.  Ten  cells  of  the  galvanic  b»tt«ry 
were  used  for  nine  minutes  and  the  bougie  passed  ilowly  through  the  stdctures  Into 
the  bladder. 

April  i4<  Tbe  opcrix.ion  was  repeated  with  a  bougie  No.  12.  The  patient  h%% 
been  heard  from  recently,  and  hns  not  haid  a  rdikpw. 

March,  187a.— R.  S.,  a  merchant  of  Philadelphia,  came  to  my  office  m  an 
advanced  stage  of  hypochondriasis^  complaining  of  general  malaise^  Kpeiraiatotrhcea, 
impotence,  small  stream  of  water,  pain  in  the  urethra,  etc,  A  steel  sound 
Ko.  12  entered  the  urethra  easily,  but  was  arrested  nt  seven  inches    Sounds  of 

•  Dr.  Newman  gives  the  following  bibliography  of  the  subject : 

Mallei  ec  Tripicr,  **  Traitcmcot  des  Ritrficisaements  Urfitraux  par  [a  Galvano 
Caustique  Chimique  Nifgative,  Compte  Rendu  de  TAcwL  des  Sciences.  Bulletin 
ThftrapeniUjue,  Mai  30.    Med.  58. 

Mallej!  et  Tripier,  De  la  Garrison  durable  des  R£tr£cLssemenis  de  TUritbre  par 
U  Galvano-Caustiquc  Chitiiique." 

Althaus,  in  Goeschen's  "Deutsche  Ktinik,"  No.  34-J61  "Hcilungder  HwrnSb- 
fen-Siricturen  durch  die  ElecUolyst" 

Keyes,  *•  Electrolytic  TreatiocDl  of  Stricture  of  the  Urethra."  Ne*  York  Medical 
JournAl,  Deceml^r,  1871. 

BAuitsto  Camposi  "  Oe  la  Galrano-Caustique  Chimlque  comme  moyen  du 
Trahemenl  des  Rfitr^dssement  de  TUrilhre,"    ParU,  1S71. 

Dutrieux.  "  De  la  Galvano-Caustlque  Cbicnique  dimple  Traltement  dea  R£tr6c)sic 
mcnts  Or^-anic  de  I'Urithre,"    Prcss^  Med.  Beige,  No.  35,  187a. 

Mallnet  Tripfif,  London  Lancet,  October,  1871, 

*'  Mulliple  Strictures  of  the  Ikethra  treated  by  Electrolyris^"  by  T,  F*  Frank* 
U.D.»  Medical  Record,  February  ad,  1S74,  page  6a. 
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imaller  size  were  aU  urested  likewiae  at  the  same  place.  There  is  no  doubt  that  i 
stricture  exists  and  at  Ust  a  sound  No.  7  passed  it  with  difficulty.  The  trouble  nuM 
exist  either  at  the  junction  of  the  membranous  and  prostatic  poition,  or  in  the  ha- 
ter only,  Galvamsm  was  used  with  ten  cells.  Bougie  No.  lo^  with, the  usual  metal- 
lic end  as  negative  into  the  urethra,  met  the  same  obstruction  at  seven  inchei.  The 
positive  pole  was  a  nickel  bulb,  and  grasped  firmly  with  the  closed  hand.  After  fife 
minutes  of  electrolytic  current,  the  bougie  passed  the  stricture  slowly  and  slipped  into 
the  bladder.  The  withdrawal  of  the  bougie  was  followed  by  a  thick,  gleeij  dii* 
charge.  It  seems  that  this  matter  had  accumulated  behind  the  stricture,  irritated  the 
prostatic  portion  and  the  ducts,  and  thereby  was  accessory  to  creating  a  spennator- 
rhoea.  On  passing  water,  shreds  came  along  of  a  thick  white  mass,  which  were  the 
product  of  electrolysis.  The  operation  has  not  caused  any  pain,  and  the  patient 
travelled  home  without  unpleasant  feeling. 

A^l  lO.  On  examination  with  a  sound  No.  10,  found  the  stricture  at  the  exact 
place ;  the  sound  passed  the  stricture  after  persistent  and  patient  effortSL 

Then  the  galvanism  was  used  as  before,  with  a  bougie  No.  12  as  negative,  and  witi 
the  same  result. 

May  9.  In  Philadelphia,  a  sound  No.  12  could  be  easily  passed  into  the  bladder 
which  proves  that  the  stricture  is  cured.  The  patient  has  been  kept  under  observa 
tion  tor  two  years,  and  has  been  seen  only  two  weeks  ance.  He  ia  perfectly  wdl; 
has  married  since,  and  is  the  father  of  a  healthy  child. 

C.\SE  CCXVIII.— J.  A.,  aged  forty.  Two  attacks  of  gonorrhoea  in  1856  and  186^ 
Orifice  admits  18.  Double  linear  stricture  in  first  halMnch,  admitting  13  bulbous 
sound.  From  one  and  a  quarter  to  six  inches  from  the  meatus  the  whole  urethra  il 
stifT  and  rigid. 

It  grasps  No.  13  steel  sound  throughout.  At  six  inches  a  short  stricture  exists 
through  which  No.  11  posses  into  the  bladder. 

FeK  21,  1871.  Steel  bulb  15^;  six  to  sixteen  cells^  gradually  increasing.  First 
stricture  passed  in  one  and  a  quarter  minutes. 

In  half  a  minute  more,  lowest  stricture  was  reached.  In  half  a  minute  lowest  stric* 
ture  was  passed.    Soroe  blood  followed. 

March  4.  Steel  sound  No.  15  passed  into  bladder.  No.  16  was  grasped  and 
would  not  go.    Patient  left  the  hospitoL 

Cask  CCXIX,— S.  F.  P,,  aged  sixty.  Gonoixhoeaat  eighteen,  another  at  twenty. 
In  1836  he  entered  a  hospital  to  be  treated  for  stricture,  and  was  gradually  dUated  to 
12.  In  i860  forcible  dilatation  was  practised  under  chloroform.  He  n^lected  to 
pass  instruments  for  himself,  and  had  to  be  treated  again  in  1864,  this  time  by  gra- 
dual dilatation.  Since  then,  he  passes  No.  3  soft  bougie  "every  time  he  makes 
water,"  but  he  does  not  pass  it  into  the  bladder.  On  examination,  I  find  stricture 
commencing  at  two  inches  from  meatus,  and  continuing  indefinitely  as  far  as  could  be 
ascertained.  Only  a  No.  3  bougie  could  be  passed  into  the  bladder.  Urethra  feels 
(Q::tside)  like  a  fibrous  cord. 

March  16.  SteeL  bulb  6;  sixteen  cells;  twenty  minutes;  no  progress;  batterf 
'leemed  veiy  weak. 


Spasmodic  Siruture, — ^This  condition  may  be  relieved  by  the  (aradk 
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cuirent,  which  by  its  mechanical  action  probably  has  the  effect  to  relax 
the  parts. 

Dr.  Chadsey*  reports  a  case  of  retention  of  orine,  of  two  dayif  standing,  in  1844, 
caused  by  hard  work  and  exposure  to  cold,  that  he  treated  successfully  by  faradisation. 
The  stricture  was  about  two-thirds  of  tlie  distance  from  the  penis  to  the  bladder.  No 
kind  of  catheter  could  pasaL  The  positire  pole  of  a  faradic  apparatus  was  applud 
against  the  stricture  for  twenty  minutes  by  means  of  a  knitting-needle  in  a  gum  das* 
tic  catheter.    The  retention  was  completely  relieved. 

Dr.  Cbadsey  states  that  he  has  met  with  partial  success  in  other  similar  cases. 

In  this  case  the  result  was  probably  due,  in  the  main,  to  the  mechan- 
ical effects  of  the  current,  and  not  to  any  electrolytic  action. 

Stricture  of  the  (Esophagus. — This  terrible  condition  might  very  ap- 
propriately be  treated  by  electrolysis.  Althaus  suggests  that  the  oeso- 
phageal electrode  should  be  applied  to  the  seat  of  the  strictiu-e  and  con- 
nected with  a  negative  pole»  while  the  positive  is  applied  to  the  neck  01 
back.  From  fifteen  to  thirty  cells  would  probably  be  required.  Dr. 
Frank  informs  us  that  he  treated  successfully  a  case  of  spasmodic  stric- 
ture of  the  cesophagus,  by  the  galvanic  current,  applied  by  means  of 
an  oesophageal  electrode. 

*  New  York  Medical  Journal,  February,  1869^  pp.  574, 
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VU  XRS,  nSTULA,  AND  SINUSKS. 

Ulcirs — Bedsores. — The  earliest  attempts  to  treat  aloen  bf  dec 
tridty  were  made  by  Cnissel,  in  1847. 

The  same  treatment  has  been  used  in  syphilitic  ulcers  by  Kyber»  of 
Cronstadt,  Rosenberger,  of  St.  Petersburg,  and  in  the  majority  of  theii 
reported  cases  with  success. 

Ulcers  may  be  treated  with  both  currents  by  means  of  metallic  disks 
or  plates  covered  vrith  soft  sponge.  Galvanization  serves  to  cure  in 
such  cases  partly  by  its  electrolytic  effects.  One  electrode  may  be  ap- 
plied to  the  ulcer,  and  the  other  to  the  nearest  large  nerve-branck  9r 
plexus^  or  to  the  sympathetic  or  spinal  cord.  The  applications  should 
not  be  excessively  painful.  In  some  cases  decided  results  may  follow 
a  single  application  of  electricity  to  an  ulcerated  surface.  In  a  case  of 
an  ulcer  in  the  leg  of  a  girl  eight  years  of  age,  one  faradization  with  a 
current  of  moderate  strength  so  improved  the  nutrition  of  the  parts  that 
healing  at  once  commenced,  and  in  a  short  time  entire  recovery  took 
place  without  any  further  treatment  Ulcers  may  also  be  cauterized  by 
the  galvano  cautery. 

In  the  treatment  of  ulcers,  and  indeed  of  many  conditions,  it  is  a  con- 
venience to  have  one  electrode  kept  in  a  fixed  position  without  the  aid 
of  the  physician  or  of  an  assistant  For  this  purpose  the  adjustable 
electrodes,  provided  with  a  rubber  belt  which  can  be  passed  around  the 
limbs  or  body,  are  convenient. 

Ulcers  may  also  be  treated  by  prolonged  applications  with  the  so- 
called  "body  batteries."  A  disk  of  zinc  connected  by  a  wire  with  a 
disk  of  silver.  Either  the  zinc  or  the  silver  disk  may  be  applied  over 
the  ulcer,  and  the  circuit  completed  by  one  disk  on  an  indifferent  point, 
or  in  case  there  are  two  ulcers,  one  may  be  covered  with  the  silver  disk, 
and  the  other  with  the  zinc  disk.  These  disks  may  be  kept  in  posi- 
tion and  worn  all  the  time,  or  only  at  night 

Garrett* s  electric  disk  may  also  be  used  for  the  same  purpose. 

The  results  of  these  prolonged  apidicatioiu  are  most  ezcenen^  ei- 
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pecKtlly  in  bed-Siircs,  We  have  knovvii  ihem  lo  fa.il,  however^  in  very 
bad  ca^frs,  and  not^ibly  when  great  debility  ej^iistcd* 

huiifient  nUrf  of  tkt  arm  ;  reccvfty  urtdtr  local  gafvattitatioH, 
Cask  CCSX. — Mary  H*,  aged  forty,  while  moving.  May  1,  i87i»  feU  «nd  ^n* 
jurcd  the  srm  rmmediatelj'  iliove  the  external  condyle.    The  pnln  was  excessive  and 
continued  to  distress  her  for  several  weeks,  when  a  s<ma,U  ulcer  made  its  appearance  and 
atUrgecl  until  it  wojitwu  itiehes  In  diameter. 

The  patierii  applied  for  treatment,  July  iS.  The  ulcer  was  covered  with  a  dark- 
coloreil  vrab  three-fourths  at  an  inch^  ps^^^'y  tiffed  from  iti  reslmg-pUce  by  exuberant 
aad  unhealthy  granulations. 

The  scab  was  removed^  nnd  a  wet  cloth  in  conneclion  with  the  positive  pole  wa* 
applied  la  the  diseased  part^  while  tha  negative  wit^  placed  on  an  indifl'erent  but  ap- 
proximate parL  The  {galvanic  current  was  used.  She  suffered  no  more  pain  after  the 
lecottd  tfttnc^t  and  as  the  application*  were  repeated  the  nicer  rapidJy  healed,  until 
August  30,  when  the  part  was  covcreil  by  &ound^  heatthjr  skin. 

Case  CCXXV — Catherine  McSC.^  aged  forty,  suifereii  three  years  since  from  1 
number  of  syphilifjc  tubercles  and  ulcers  nbout  her  hips,  thighs,  nnd  vulva,.  They  per- 
nsted  along  time  and  gave  liermuch  nnnoyanee,  but  Anally  healed,  witli  the  exception 
of  ^uc  on  the  ia^ifXe  of  the  thigh.  It  ^tfos  etevAleil  nearly  one-half  an  inch  above  the 
uirrounding  surface*  was  excessively  painful*  and  discharged  an  offensive  secretion.  A 
needle  co^ineclcd  with  the  positive  pole  was  parsed  through  the  b«sc  of  (he  elevation, 
and  a  current  of  modcmte  Tension  aIKiwciI  to  pass  for  a  few  moments.  This  applkra- 
tion  dissipaietJ  :dl  pain,  and  after  the  third  stance,  given  several  weeks  after  the  first, 
won  healefl^  and  the  [patient  was  discharged  from  the  Dlspcnury. 

Ana/  Fistula  &/  hng  standing  treated      g-afvamuiion  with  bmtA  p&l^ — Reliff 

0/  pain. 

Case  CCXXM. — A  caic  of  fislulap,  at  and  near  the  anus  in  a  •ihoemikerf  wai 
tnvughi  to  us  by  Or.  Russell,  of  Brooklyn.  The  paltent  had  a  Bstula  wiih  four  opcn- 
^gS — anc  in  the  rump  and  the  others  at  the  border  of  the  anus.  The  origin  of  the 
difficulty  was  local  injury.  The  patient  had  once  been  operated  on  with  the  knife 
without  permanent  relief  Examination  had  made  it  petty  clear  that  necrosed  bone 
was  ihe  cau&e  of  the  fi^itula,  and  kept  up  the  coni^'tant  diju:harge. 

We  fir^t  eleirtrolyied  away  with  the  long  cutting  needles  the  painful  protuberance! 
at  the  orifice,  near  the  anus.    The  removal  of  these  nused  relief,  and  enabled 

the  patient  to  »t  down  and  lo  resume  his  occupation-  We  then  placed  long,  polished 
iteel  conductors  into  the  opening  in  the  rump,  connecting  them  vidth  the  negaiive 
of  powtive  pole,  using  the  positive  when  the  hemorrhage  wm  greatest.  The  con- 
doctors  were  introduced  up  to  the  bone.  String  atrrenU  wtretn?rn€i  and  great  re- 
obtained  of  the  pain  and  uneasiness,  but  no  permuient  cure. 

\rt&-0^mizathft. — This  is  a  term  employed  by  Dr.  A.  Murray, 
New  York,  to  designate  the  cDmbtned  a.ction  of  02one  and  tbe  gal- 
vanic current  in  the  treatment  of  ulcers.    He  cUims  that  his  eiperi 


ments  show  t>iat  ozone  is  generated  at  the  positive  pole  when  thf  gal 
vanic  oirrene  ia  applied  to  an  ulcer,  and  thai  the  ozone  thus  genemri 
^  hftB  ft  etiimiiiw  effect  cm  liie  nicer,  ftndaiditibe  oilier 

For  this  reason  he  regards  the  positive  pole  flDpcHor  to  thi 
dve  in  the  galvaoic  trcAtmeat  of  ulcei^  fistulia^  umI  po  flortht 
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MISCEtXANEOUS  SURGICAL  DISSASSS. 

Stumps  after  amputation  that  are  slow  to  heal  have  been  5uccessfull| 
treated  by  electricity,  like  ordinary  ulcers,  by  Dr.  Geo.  K.  Smith  and 
by  Dr.  Snively,  of  Brooklyn. 

Hematocele. — Hsematocele  of  the  pelvis  or  pudenda,  or  of  other  por^ 
dons  of  the  body,  may  be  treated  electrolytically,  like  erectile  tomorsi 
and  by  ordinary  faradization. 

Gangrene, — Gangrene  may  be  treated  electrically  in  various  wajrs, 
but  especially  by  electrolysis  and  galvano-cautery. 

Carbuncles  and  Furuncles, — Dr.  Rockwell  demonstrated  long  ago 
that  faradization  was  capable  of  hastening  suppuration,  and  we  have 
frequently  utilized  this  fact  in  the  treatment,  not  only  of  carbuncles 
and  furuncles,  but  of  various  other  forms  of  abscesses.  Dr.  Sass  in- 
fonns  us  that  a  number  of  years  since  he  used  this  treatment  in  two 
instances  with  good  effect. 

Burns, — Burns  in  a  subacute  stage  might  not  unlikely  be  helped 
toward  recovery  by  faradization  or  galvanization. 

Frost-b He  (Chilblains). — In  the  first  edition  of  this  work  we  stated 
that  we  were  not  aware  that  any  attempts  have  been  made  to  treat  chil- 
blains by  electricity,  but  that  it  certainly  would  not  be  irrational  to  try 
the  power  of  galvanization  in  this  disease.  Successful  results  have  been 
recently  reported  by  various  observers.  Chilblains  are  to  be  treated  like 
ulcers. 

Synovitis. — In  effusions  of  an  acute  and  very  sensitive  character» 
electricity  is  usually  not  indicated,  but  in  the  subaaite  and  chronic 
forms  it  is  of  great  efficacy.  The  treatment  should  be  directed  by  the 
cause  and  stage  of  the  disease,  and  by  the  results  of  trial  in  each  case. 

The  treatment  of  those  cases  that  depend  on  rheumatism,  or  hysteria, 
should  be  constitutional  as  well  as  local.  In  some  cases  general 
£aradization,  with  special  attention  to  the  affected  joint,  is  sufficient;  in 
others  the  general  treatment  is  sensibly  aided  by  galvanisation  or  fara- 
dization of  the  joint 
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Whether  the  galvanic  or  faradic  current  is  to  be  preferred  for  locil 
applications  can  only  be  determined  by  ihe  results  of  trial*  Our  cus- 
tom is  Co  begin  ^^  iih  the  faradic  ciirrcnt>  aod  to  use  it  so  long  as  benefit 
results,  and  ihen  to  change  to  the  galvanic  It  should  be  borne  in 
mind  that  the  greater  chemical  ejects  of  the  galvanic  current  Are  in 
these  cases  frequently  more  than  counterbalanced  by  the  powerful 
mechanical  action  of  the  faradic.  Stable  tncreasing  currents  ate  to  be 
preferred* 

This  is  one  of  the  conditions  in  which  localized  galvano  farodltiuor 
(see  p-  266)  may  be  tried.  The  electrical  treatment  of  effusions  of 
the  joints  is  much  aided  by  using  the  hands  as  an  electrode,  with  gefr 
lie  but  firm  manipulation.  There  is  no  question  lhal  under  the  infiu 
cnce  of  "rubbing"  have  been  wrought  many  important  cures  in  these 
affections. 

Electrolysis  has  been  successfully  employed  in  effusions.    It  may 
resorted  to  in  all  obstinate  cases. 

Synovitii  ef  the  knte^  eompfkiUed  teitk  kemi/Ifgia—  fUtenfo-y  vndtr  yiir- 

CaSeCCXXIII .— Mr.  Cifo.  L,  aged  35,  slated  that  sboot  Oie  tsl  of  Jnly,  tS66^  be 
Wfts  sttii!tCrvck ;  nnd  betxirctin  th«  20th  of  the  same  month  and  the  rsth  of  Anput*  k 
sufTered  from  three  Mrokcs  of  hemiplegia^  rcsuUing  linally  in  total  blindm.  Hk 
aght  gradually  retumcti,  but  by  d^rees  his  shuuKlen  b«:aTni!  Lime  suit]  ^xfL,  M  thM 
he  could  wi^h  difficulty  use  tltcm.  This  state  of  lhii!;;%  cuniitiuc*!  utitil  aUmi  the  miiS- 
dJeof  September,  when  bi}Cli  knees  and  :tnkles  cammenceil  to  ettUrj^  In  Xovembo, 
when  the  p:itlei)t  applied  lo  us  for  ireatmctit,  we  found  liim  suffcrinu  from  scrcfenib* 
acute  ^ovitis.  Both  kneei^  were  enormou4y  swoUcn.  the  thii^  tiaving  scx-umaUced 
Eo  such  an  extent  that  the  patelbr  projected  forward  more  than  nn  tiich.  Four  npptkCB* 
tians  of  the  faradic  currerit  were  given,  nne  every  day,  but  with  no  marked  cfiDel,c» 
cept  that  the  lameness  of  the  shouldfrstind  ankles  was  much  relieved. 

lie  (hen  left  the  city  and  wels  absent  one  week.  On  hi&  return  the  iinprovemaA 
was  found  lo  he  very  ^eat.  The  Accumulation  of  fluid  in  Ihe  knees  hai^  almo^  entireif 
disappeared,  and  the  swelling  wa^rcdiiced  in  proportion.  At  first,  ihe  i^troncest  nff* 
rent  from  K.iHiler*5  apparatus  made  no  impicsjion,  when  applied  <if>»Ti  lite  i^ne  The 
l^s  were  but  little  sensitive  lo  the  electric  stream,  an^l  the-  feet  an<j  loes^  which  ift 
generally  very  readily  affected,  were  remarkably  torpid,  Tl*e  nppli^-atioos  wcroob* 
iinued  on  Dec  3d,  4th,  51  h»  7tb,  and  Qch,  effectuaily  removing  this  wim  of  vcmitkm, 
utd  completely  dtstdpstting  Lheremalnrng  sweUtng  and  tenderness  of  the  kaee& 

HydrocfU. — Electro  puncture  was  first  tried  for  hydrt>celc  by  Schastcr 
vsi  1S39. 

The  method  Is  to  introduce  ihc  needle  into  ihe  tumor  at  opposite 
sides,  and  so  deep  that  the  points  nearly  approach  each  other.  The 
needles  are  then  attached  to  from  three  to  &lx  elements  of  a  galranic 
battery.  The  application  should  be  made  for  fiire  or  ten  minutes.  One 
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two,  or  three  applications  usually  suffice  to  complete  a  cuie.  The 
^me  treatment  has  been  successfully  employed  by  many  others. 

Successful  results  from  the  faradic  current  have  been  reported  by 
Burdel,  Deletanche,  Lehmann,  and  Thevissen.  The  galvanic  is  un- 
doubtedly the  current  to  be  employed  in  such  cases. 

Hydrocele,  in  short,  should  be  treated  electrically  like  cystic  tu- 
mors. The  great  end  to  be  accomplished  is  not  the  withdrawing  of 
the  fluid,  which  can  be  done  with  the  ordinary  trocar,  but  the  stimulation 
of  the  membrane  of  the  sac,  so  that  absorption  shall  take  place  and  the 
fluid  not  again  collect.  Many  of  the  failures  that  have  occurred  in  the 
treatment  of  hydrocele  have  been  due  to  a  misapprehension  of  this  fact 
Dr.  Frank  has  combined  the  use  of  galvano-cautery  with  electrolysis  in 
the  treatment  of  hydrocele.  In  some  cases  there  will  be  a  return  of 
the  disease  even  after  electrolysis. 

Sprains  {strains), — Sprains  of  joints  of  all  kinds  may  be  treated  by 
electricity ;  faradization  and  galvanization  of  the  affected  part  with  a 
mild,  stable,  or  gently  labile  current  are  indicated.  We  have  in  this 
way  treated  all  stages  of  sprains — acute,  subacute,  and  chronic — and 
almost  uniformly,  thus  far,  with  beneficial  or  curative  results.  We 
have  not  been  able  to  decide  which  current  is  preferable. 

Sprains  in  the  acute  stage,  or  just  passing  into  the  subacute  stage, 
should  be  treated  by  very  mild  currents  and  by  short  applications. 

In  such  cases  no  electrode  is  so  agreeable  as  the  hand  of  the  opera- 
tor gently  passed  over  the  painful  part. 

We  have  treated  a  number  of  cases  of  sprains  of  the  wrist  in  patients 
who  are  engaged  in  manual  employments.  In  such  conditions  the  lo- 
calized application  of  the  faradic  current  alone  rapidly  brings  on  the 
recovery. 

Strains  of  muscles  with  rupture  of  fibres^  so  far  as  our  limited  ob- 
servation goes,  do  not  yield  to  electrical  treatment.  In  the  few  cases 
where  we  have  perseveringly  used  faradization  and  galvanization  we 
have  not  been  able  to  see  that  the  slow  improvement  was  in  any  degree 
hastened. 

tameness  and  swelling  caused  by  a  sprain — Relieved  by  local faradiusHon. 

Cass  CCXXEV. — The  power  of  the  faradic  current  to  allay  irritation  and  relieve 
lameness,  in  cases  of  sprains  or  injuries,  was  well  illustrated  in  the  case  of  a  Mrs.  B., 
directed  to  us  by  Dr.  Kissara.  Her  foot  was  heavily  pressed  upon  by  the  rocker  of  a 
chair,  and  caused  such  ecchymosis,  pain,  swelling,  and  lameness,  that  for  two  months 
she  was  unable  to  walk  more  than  from  her  house  to  her  carriage.  The  faradic  cur- 
rent, applied  over  and  around  the  foot  a  number  of  times,  relieved  most  decidedly  the 
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iwelling  and  lameness,  and  enabled  the  patient,  in  a  few  wceks»  to  cxerdae  in 
without  serions  difficulty. 

Spondylitis  (Potts  Disease). — Spondylitis  is  a  term  that  is  api^ied 
to  iDflammation  of  the  vertebrae.  Among  its  synaptoms  are  at  ta 
changes  in  shape  of  the  spinal  column,  obstinate  gastralgia,  or  neuralgic 
pains  in  the  breast  and  various  parts  of  the  body,  and  subsequently  pro- 
jection of  the  diseased  vertebras,  deformity  of  the  spine,  peculiar  attitude 
and  paralysis,*  sensitiveness  of  certain  vertebrae,  and  spontaDeow 
pains  in  the  spine.f 

The  form  in  which  it  appears  is  in  the  cervical  and  upper  dorsal  verte> 
b.a,  with  the  symptoms  of  neuralgia  in  the  arm,  or  neck,  or  lover 
limbs.  Some  cases  of  torticollis,  and  even  of  chorea,  may  depend  ca 
disease  of  the  vertebra.  Other  symptoms  are  paralysis,  atrophy,  or 
contraction  of  certain  muscles.  In  many  cases  of  inflammatioii  of  the 
vertebra  the  nature  of  the  disease  is  not  suspected,  because  the  changei 
in  the  form  of  the  spinal  column  and  the  immobility  of  the  vertebra  only 
appear  after  the  morbid  process  had  made  considerable  advance. 

In  making  the  diagnosis  it  should  be  considered  that  the  appearanca 
of  the  spine,  which  are  usually  regarded  as  evidences  of  spondylitis, 
may  arise  from  paralysis,  or  atrophy  of  the  muscles,  with  contrartwns 
of  the  antagonists. 

The  treatment  consists  in  galvanization  of  the  affected  vcrtebne, 
the  positive  pole  being  placed  over  the  seat  of  the  disease,  and  the 
negative  at  some  point  above  or  below.  The  results  are  sometimes 
beneficial. 

Spinal  Curvature, — Lateral  ciu-vature  of  the  spine,  depending  on  re- 
laxation of  the  muscles  and  ligaments,  and  associated  with  general  de* 
bility,  is  a  condition  for  which  general  and  localized  faradization  and 
galvanization  of  the  symiiathelic  are  well  indicated,  and  in  which  they 
have  wrought  most  important  results.  General  faradization  alone  ii 
pretty  sure  to  be  of  service,  both  in  raising  the  tone  of  the  svstem  and 
in  permanently  relieving  the  curvature.  The  electrical  treatment  may 
be  used  in  connection  with  mechanical  appliances. 

Pseudo-arthrosis  (  Ununited  Fracture). — Bunnan  obtained  a  good  re- 
sult from  electrical  treatment  of  a  transverse  portion  of  the  tibia  and 
fibula.  After  the  lapse  of  a  month  the  bones  had  not  united.  A 
bandage  was  applied  and  a  current  (whether  &radic  or  galvanic  is  not 

*  Seepapei  on  DifftrenHdt  Diagmm  of  Distasu  of  tk$  Spimt^  by  Cbaa.  F.Ta|l» 
M.D. 

tBenedikt,  op.  dt.,  31a. 
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stated)  was  applied  for  half  a>n  hour  by  two  needles.  Suppuration  fol- 
lowed, call  js  was  formed,  and  entire  recovery  took  place. 

Hall  also  obtained  a  successful  result  m  a  fracture  of  the  thigh 
by  the  same  treatment.  The  operation  was  repeated  daily  for  two 
weeks. 

Hahn  also  reports  a  successful  result  from  electro -puncture  In  a  case 
of  fracture  of  the  thigh.  He  used  at  first  magneto-electricity,  and  sub- 
sequently the  galvanic  current.  No  improvement  followed  ihe  use  ol 
magneto-electricity,  while  the  galvanic  current  brought  on  intlojumation 
in  six  days.  The  inflammation  thus  excited  produced  a  union  of  the 
fracture  in  ten  days. 

We  treated  a  case  of  ununited  fracture  of  femur  at  the  Long  Island 
College  Hospital.  Insulated  needles  were  used,  and  very  strong  cur- 
rents. Inflammation  was  excited,  and  some  improveinent  was  mani- 
fest, but  the  bones  were  so  far  apart  that  it  was  found  necessary  for  the 
sargeons  to  operate  in  the  usual  manner* 

Hernia, — ^Dehux  reports  a  case  of  incarcerated  femoral  hernia  in  a 
woman  who  refused  to  submit  to  an  operation.  Tumor  disappeared 
after  a  few  applications.  The  first  application  was  directed  to  the  her* 
nia,  and  in  the  other  applications  one  pole  was  applied  to  the  hernia 
and  the  other  in  the  rectum.  Before  electrical  treatment  was  tried  the 
patient  was  growing  worse.  Faradization  might  give  tone  to  the  weak* 
ened  muscles  in  reducible  hernia^  and  for  this  purpose  we  have  em- 
ployed it  in  a  single  instance;  of  the  results  we  have  not  been  in- 
formed. 

Morbus  C&xarius  {Dh/as'e  &f  ih^  Hip-jomt)^ — ^This  condition  may 
be  treated  electrically,  in  connection  with  ordinary  mechanical  treat- 
ment»  with  a  twofold  object  of  hastening  the  recovery  of  the  lesion 
and  improving  the  general  condition.  The  methods  of  treatment  that 
would  seem  to  offer  most  hope  are  stable  faradization  or  galvanization 
of  the  diseased  joints*  five,  ten»  or  fifteen  minutes  daily,  alternating 
with  general  faradisation.  This  treatment  might  be  used  in  connection 
with  the  ordinaty  method  by  extension. 

Cluh^Foot  (Ttt/ipes),  —  In  club-foot  it  is  not  unfrcqiicntly  a  great 
advantage  to  combine  faradijEalton  or  galvanization  of  the  partially 
paralyzed  muscles  with  the  use  of  mechanical  appliances  (see  chapter 
on  Infantile  Paralysis). 

Jrar^j",— Warts,  if  they  were  regarded  as  of  sufficient  importance, 
might  be  removed  by  electrolysis  of  the  base,  or  by  the  galvano  caw- 
tciy. 

Dhs^htion  &f  CalcuH  in  thf  Bladdtr.-^^t^^  «n  f-loyroent  of  the  gal 
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vanic  current  to  dissolve  calculi  was  proposed  by  Bourier  in  1801,  by 
Morgiardini  and  Lando  in  1803,  and'  by  Gruithuisen  in  1813,  but  wai 
first  successfully  carried  out  by  Provost  and  Dumas  in  1823. 

The  theory  of  Provost  and  Dumas  was,  the  calculus  could  be  made 
to  crumble  by  the  mechanical  effect  of  the  gases  generated  by  the  cur- 
rent. In  their  first  experiment  they  placed  a  fusible  human  calculus 
in  water,  submitted  it  to  the  action  of  a  voltaic  pile  of  120  dementi 
for  twelve  hours.  Platinum  wires  were  placed  against  the  calculus,  on 
opposite  sides.  Fine  powder  soon  appeared.  At  the  end  of  the  opcr* 
ation  the  calculus  was  found  to  have  lost  12  grains  in  weight,  the  origi- 
nal weight  having  been  92  grains.  It  was  again  submitted  to  the  cur- 
rent for  16  hours,  at  the  end  of  which  time  it  was  reduced  to  very  small 
fragments  that  could  have  easily  passed  the  urethra. 

Their  second  experiment  was  made  on  a  fusible  calculus  in  the  blad- 
der of  a  living  bitch,  into  which  warm  water  had  been  injected.  The 
application,  which  lasted  an  hour,  was  repeated  12  times  during  six 
days.  The  calculus  had  become  so  friable  that  the  operation  was  not 
repeated.  Examination  of  the  bitch  after  death  showed  evidence  that 
the  bladder  had  been  injured  by  the  operation. 

In  1835,  Bonnet  proved  that  by  applying  platinum  electrodes  to  the 
opposite  sides  of  a  calculus  in  a  solution  of  nitrate  of  potash,  electro- 
chemical decomposition  ensued,  by  which  nitric  acid  appeared  at  one 
electrode  and  potash  at  the  other.  The  effect  of  these  two  substances 
was  to  dissolve  the  calculus.  Stones  composed  of  phosphate  will  be 
dissolved  on  the  acid,  and  those  composed  of  uric  acid  or  urate  of 
ammonia  on  tlie  alkaline  side.  Under  this  action,  the  stone,  unless 
very  hard,  becomes  friable  and  falls  to  pieces.  These  experiments 
were  confirmed  by  Bence  Jones,  who  also  found  that  calculi  of  oxa- 
late of  lime  could  be  slowly  dissolved  in  the  same  way.  Neither  of  these 
experimenters  attempted  the  dissolution  uf  calculi  in  the  human  blad- 
der. Some  experiments  made  by  Dr.  Rockwell  in  this  line,  and  also 
by  Dr.  Beard,  at  the  suggestion  of  Dr.  Gouley,  did  not  give  very  satis- 
factory results.  The  amount  of  decomposition  of  phosphatic  stone  was 
very  trifling,  even  when  strong  currents  were  used  for  several  hours. 

Electric  Explorer  or  Probe, — ^This  apparatus  (Fig.  188)  indicates  at 
once  the  presence  of  metallic  bodies  in  gunshot  wounds. 

Fig.  I  represents  its  natural  size.  Fig.  z  shows  one  of  the  exploring 
souncia.  There  are  generally  two  sounds,  one  stiff,  the  other  flex- 
ible. 

The  trembler  or  needle  is  so  arranged  as  to  resist  all  shocks  and  folfiS 
the  following  conditions  : — 


ELECTRIC  EXPLOkER, 

1.  ft  is  very  portable,  and  m  all  possible  positions  can  be  earned  Id 
ihe  vesl  pocket,  or  in  ihe  ordinary  surgica.1  case* 


2.  It  cannot  be  deranged, 

3,  Three  senses  take  part  in  making  the 
exploration— the  hearing,  the  touch,  and  the 
sight. 

4.  It  indicates  with  certainty  the  presence 
of  a  ball  by  the  movement  of  the  trembler, 
an  effect  which  is  only  produced  wAtn  ihe 
circuit  is  closed  by  a  mttaliic  b<fdy.  Experi- 
ence has  shown  that  the  contact  of  organic 
tissues,  even  with  ^  battery  of  15  elements 
(and  probably  with  even  a  greater  number), 
will  not  put  the  trembler  in  vibration, 

5,  The  explorer  indicates  at  the  same  time 
the  depth  at  which  the  ball  is  situated,  and 
in  some  cases  also  the  flexible  sound  pre- 
serves the  form  of  the  canal  through  which 
it  passes. 

The  battery  is  in  a  case  made  of  hard  rub- 
ber. This  holdji  the  elements,  zinc  and  car- 
bon, which  fill  only  half.  The  other  half  is 
occupied  by  the  exciting  liquid,  a  solution  of 
sulphate  of  mercury.  When  the  case  is  re- 
versed, or  in  a  horizontal  position,  the  liquid 
flows  on  to  the  element  and  a  current  arises ; 
when  the  case  is  in  a  vertical  position  the 


metals  are  not  touched  by  the  liquid^  and  Ftc  i&s. 

there  is  no  current.*  Tr&uve*»  Etectric  Eitplorer, 

•  The  fint  ■ppfl]%tui  for  tlie  deetric  estploratioo  of  wotmds  was  devised  by  W. 
Favrc,  of  MsmcUlesi,  oT  which  the  fullDwing^  description  wu  given  Hy  N^Uton,  in  re- 
marks to  his  class  at  \h.cIfSj>itaI  Jgs  Ctiniqu^jz  Two  caHEluctiny  wires  are  plACed  in 
asheatli,  or  the  iwo  etcctrodes  maybe  cgvered  by  an  isulntmg  subsUncc,  These  wiret 
ire  in  communication  with  a  rjattery  fif  only  ane  couple,, and  a  i*alvanmr»eter  Is  fastenet! 
on  one  of  the  wires,  If  you  introduce  the  end  of  ib^  into  1.  wouoU,  the  contact  of 
the  soft  peurts^  the  bones,  or  pu%  is  not  sufficieiil  lo  cilabUsh  a  current,  liul  if  ihe 
ends  come  In  contact  with  4  metaiUc  body,  the  tipcdle  of  the  galvajiomctcr  wiil  rise, 
this  being  a  prcTof  th^L  the  circ{iLt  is  complete.  Only  one  couple,  huwever,  dinuld  be 
nsed»  so  us  to  avoid  tlie  decompoiMtion  of  the  fluids  tu  the  wound,  which  wouJd  imnie" 
diately  give  ri^e  to  a  current." — {Am,  Jour.  MM.  Sctsnfts,  vol  xlv»,  1S63,  p.  ) 
During  the  recent  Franco- Prussian  war  an  **  Uleeiru  Ifuf/ef-mier,*'  ihn  ilrikcft  « 
little  b«U  whcD  metallic  coQucction  is  mflde,  h^a  beea  suocefisfully  used. 
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Btiri  IndtiHion  Balanf^. — Su|>erit>r  la  these  conirivancefi  foT  practt- 
cal  purposes  is  ihe  ingenious  insiruinent  devised  by  ProfesM>r  Gruham 
Bell.  It  consists  of  two  dat  coils,  a  battery^  an  interrupter,  cxj'loring 
coilSf  and  a  telephc^ne. 

Whenlhe  two  fiit  coils  are  properly  adjuste*!  ajjd  ihe  circuit  clo«ed 
the  lelephone  gives  no  sound.  When  Ihc  exploring  coils,  howeref,  irc 
pUced  upon  the  body,  and  in  cVose  proximtty  to  any  nieiatthat  mav  l« 
embedded  in  the  tissue,  the  electrical  balance  is  disturbed  and  a  cleu 
musical  tone  is  heard.  This  coit  was  unsuccessfully  used  in  ihcnocoi 
President  Garfield,  but  more  recently  it  has  been  |>erfeeted  andean  be 
confidently  relied  u|>on  to  discover  the  location  of  bullets  or  04bcr 
metal  in  any  portion  of  the  boJy.  In  military  sur^ry  especially  (t 
cannot  but  prove  of  the  greatest  value. 

Hxtrattwn  <?f  Foreign  B^diei  hy  the  Rieciro-hfiignei, — Dr. 
has  suggested  tJie  electro-iuagnet  as  a  means  of  extracting  foreign  b 
from  the  eye,  urethra,  auditory  canal,  etc*  He  states  that  the  in 
has  been  used  for  the  purpose  of  extracting  pieces  of  iron  and  steel 
from  the  eye  since  the  days  of  Fabrice  de  Hilden,  Dclorc's  atttfntion 
was  called  to  ihe  subject  by  an  attempt  which  he  made  to  extract  & 
piece  of  a  pin  from  ihc  external  auditory  canal.  A  ilcndcr  magnt-t 
was  prepared  by  M.  Fasse,  which  could  be  bent  at  will,  but  it  wu 
found  to  be  not  sufficiently  pov^erful  Then  M.  Fasse  suggested  the 
idea  ofu^ing  the  electro-magnet  for  this  purpose.  With  this  view  he 
constructed  a  small  etectro-magnet,  composed  of  a  stem  of  iron,  with 
a  bulbous  extremity,  and  covered  with  several  windings  of  in=nb!rt! 
copper  wire. 

The  force  that  is  obtained  is  in  proportion  to  Ihe  stren^ili  ui  ihc 
current  used  to  magnetize  the  iron,  the  number  of  spirals,  and  '.lie 
diameter  of  the  magnet. 

In  order  to  ascertain  how  much  power  was  necessary  to  eitracl 
needles  from  the  body,  a  number  of  experiments  were  made. 

A  needle  embedded  in  the  horny  substance  of  the  hand  to  tbc 
depth  of  three  millimetres  requires  for  its  estraction  a  traction  of 
grammes/* 

*'  Embedded  sixteen  milli.  deep  in  the  heel  of  a  cadaver  rcqoires^oo 

grammes-** 

**  Embedded  four  centimetres  deep  in  the  .calf  of  the  leg  it  reqmret 

40P  gran)mes," 

*Mf  it  has  perforated  the  cornea  it  must  have  a  traction  of  39 

grammes." 

*  TrfU)«latcti  from  Lyon  Medical  in  N.  V.  Medie&l  Ganette;  Aug,  90^  tS7(X 
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The  advantage  claimeUfor  this  method  of  extracting  foreign  metallic 
bodies  is  that  it  produces  no  sensation  on  the  aiirface  of  the  lissues," 
and  also  is  less  liable  to  injure  them  than  forceps  or  probes. 

The  investigations  of  Dr*  T,  Pooley,  ot  New  York,  lead  him  to  the 
following  conclusions :  i.  That  a  steel  or  tron  boJy  in  the  eye  may  be 
detected  by  a  suspended  magnet  when  the  body  lies  near 
lis  surface;  2*  The  presence  and  posjtion  ot  such  a  foreign 
body  may  most  surely  be  found  by  making  it  a  magnet  by 
induction^  and  then  testing  for  it  by  a.  luinule  suspt^nded 
magnet*  3.  The  intensity  of  deflection  of  the  needle  is 
proportionate  to  the  depth  of  the  body.  4.  Changes  of 
deflection  of  the  needle  Indicate  changes  of  position  in  the 
foreign  body. 

An  interesting  case  is  reiKirted  by  Hardy.*  Forty-eight 
hours  after  the  injur}-  a  small,  narrow  strip  of  st*;el  was 
seen  resting  on  the  anterior  suiface  of  the  lens,  so  situated 
as  lo  be  covered  by  the  iris  unless  the  pupil  was  dilated. 
Only  a  small  part  of  the  tens  behind  the  bit  of  metal  was 
opaque,  Twenty  four  hours  later  the  effect  of  a  powerful 
electro-bar-inagnet  outside  the  eye  was  tried.  When  the 
pole  of  this  magnet  had  been  approached  to  a  disiance  of 
four  inches  from  the  cornea,  the  chip  was  seen  suddenly  lo 
spring  away  from  the  lens  to  the  posteiior  surface  of  the 
cornea.  On  removal  of  the  magnet  the  metal  leli  to  the 
bottom  of  the  anterior  chamber,  and  was  then  extracted 
through  an  incision  made  as  for  uitleclomy*  The  len£i 
became  afterward  opaque  throughout,  and  was  then  gradu- 
ally absorbed. 

Gruentng's  Mttgntt  (I'lg.  189)  for  the  removal  of  parti- 
cles of  steel  or  iron  from  ihe  vitreous  chamber  is  manufac- 
tured by  John  Reynders  &  Co.,  New  York, 

Several  magnets  arc  joined  into  a  bundle^  thus  making  a 
powerful  magnetic  magazine,  and  concentrating  the  great-' 
est  possible  magnetic  polarity  in  the  least  possible  dimen- 
sions. A  long  and  delicate  piece  of  malleable  iron  is  fiited 
into  one  extremity  of  the  bundle  of  magnets.  As  shown  in  the  cut, 
the  two  extremities  of  a  number  of  magnetized  steel  rods  placed  paj- 
allel  to  and  at  a  little  distance  from  each  other,  are  fitted  into  iron 
caps,  one  of  which  is  provided  with  a  delicate  point  of  malleable  iron 
3  mm.  long,  t  mm.  wide,  &nd  0.3  mm.  thick.  This  point  is  powerfully 
*  Meac«l  Timts  and  Guettc,  April  13,  i$7S,  p.  401, 
47 
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magnetic,  sustaining  with  ease  a  weight  of  fifteen  grammes.  Chips  of 
iron  weighing  from  one  to  fifty  centigrammes,  when  placed  inlo  the 
vitreous  of  recently  enucleated  animal  eyes,  are  attracted  toward  the 
point  at  a  distance  of  i  to  5  mm.,  and  withdrawn  with  the  greatest 
facility.  The  instrument  thus  perfected  equals  Hirschberg's  electro- 
magnet in  efficiency,  but  surpasses  it  in  simplicity  of  construction,  con- 
venience of  form,  and  lowness  of  price. 

Electro-Chemical  Baths — Retmn^al  of  Poisonous  Mtials from  the 
Body. — In  1855  Vfergn6s  and  Poey,  of  Havana,  reported  to  the  French 
Academy  a  method  of  removing  poisonous  metals  from  the  body  by 
means  of  the  galvanic  current.  Vergn^s,  while  practising  electroplating 
in  1852,  had  brought  an  obstinate  ulceration  on  his  hands.  He  placed 
his  hands  in  an  electric  bath,  connected  with  the  positive  iK)Ie,  In 
fifteen  minutes  a  metallic  plate  connected  with. the  negative  pole  in  the 
bath  was  covered  with  gold  or  silver  from  the  ulcer.  A  few  such  treat- 
ments cured  ihe  ulcers. 

An  electro  -chemical  bath  is  taken  as  follows :  An  isolated  metallic 
tub  is  placed  on  an  isolated  bench.  The  tub  is  filled  with  water,  acid- 
ulated with  nitric  acid  if  mercury,  gold  or  silver,  and  sulphuric  acid  if 
lead  is  in  the  patient.  The  patient  is  placed  in  the  bath,  and  the  tub 
is  connected  with  the  negative  pole,  while  the  patient  takes  the  positive 
pole,  part  of  the  time  in  the  right  and  part  of  the  time  in  the  left  hand. 
The  current  now  enters  the  arms,  and  passes  through  the  body  to  the 
tub.  The  metal  that  is  extracted  from  the  body  is  found  on  the  sides 
of  the  tub,  in  the  water  in  the  tub,  and  in  the  atmosphere  of  the  room 
from  evaporation. 

These  experiments  were  confirmed  by  Caplin  and  Meding.  Meding 
extracted  mercury  from  a  patient  in  this  way.  Vergn6s  employs  elec- 
tro-chemical baths  also  for  introducing  medical  substances  into  the  body. 
The  patient  sits  in  the  bath  containing  the  solution,  and  in  the  position 
described,  and  absorbs  the  substance  while  the  current  is  passings 
Among  the  remedies  that  Vergn^i  employs  for  the  purpose  are  phos- 
phate of  iron  and  nitric  acid.  There  is  little  question  that  the  passage 
of  the  current  through  the  body,  immersed  in  certain  medicated  solu- 
tions, aids  in  the  absorption  of  some  portion  of  the  compound.  This 
whole  subject,  however,  is  yet  in.  dispute,  and  will  remain  in  dispute 
until  it  is  carefully  investigated  by  competent  men,  and  all  possible 
sources  of  error  are  guarded  against. 

Faradic  Ancesthesm. — The  benumbing  eflfects  of  the  faradic  current 
on  the  nerves  may  be  utilized  for  the  production  of  local  anaesthesia. 
(See  Eleciro-Physiology,)    It  is  only  indicated  for  slight  or  at  least 


FARADTC  AN/ESTHESIA, 


73^ 


short  operations,  such  as  the  openiog  of  abscesses,  felons,  buboes,  the 
extraction  of  foreign  bodies  and  of  teeth. 

For  opening  abscesses  a  strong  f^adic  current  should  be  directed 
through  the  parts  as  the  incision  is  made.  The  reliiff  thus  afibrded  is 
slight,  but  is  positive,  and  is  not  unworthy  of  a  trial 

Faradic  anaesthesia  has  been  chicHy  used  in  the  extraction  of  teeth^ 
where  it  is  certainly  of  *ome  service.  The  patient  places  his  foot  in  a 
metallic  slipper,  or  on  a  plate,  or  holds  an  electrode  in  the  hand,  while 
the  circuit  is  completed  as  soon  as  the  fjrceps  of  the  dentist,  which  Is 
connected  with  the  battery,  sthcs  the  tooth.  It  is  well  to  connect  the 
forceps  with  the  negative  pole,  because  it  is  the  stronger. 

The  contractions  produced  by  the  passage  of  the  current  are  certainly 
disagreeable,  for  a  current  of  considerable  strength  is  required,  but  the 
pain  of  the  extraction  is  less  severely  felt  than  it  would  be  when  made 
unaccompanied  by  the  current. 

Thismethod  of  producing  local  anaesthesia  was  at  one  time  somewhat 
popular  among  dentists,  but  partly  on  accour>t  of  the  fact  that  it  is  at 
best  an  imperfect  method  of  preventing  ihc  pain  of  the  operation^  partly 
on  accoLUil  of  the  mechanical  difficulties  in  the  way  of  its  employment, 
•  and  partly,  aUo,  on  account  of  the  popularization  of  nitrous  oxide,  it 
has  fallen  into  disuse. 

Faradic  anesthesia  may  he  utilised  for  ihe  relief  of  ihe  irritation 
caused  by  the  application  of  caustics  to  the  larynx,  eye,  or  uterus. 

Dr.  A.  Tripter,*  of  Paris,  has  recently  advanced  the  theory  (hat  faradic 
an;ESthefiia  is  explained  by  the  interference  of  the  diSerent  impressions 
that  are  made  on  the  nerve.  The  impression  made  by  the  faradic  cur- 
rent first  reaches  the  cerebral  centre,  and  neutralizes,  or,  at  least, 
diminishes,  the  impression  made  at  the  same  time  by  any  other  irritat- 
ing influence.  This  theory  seems  to  us  sensible  and  jast.  Dr.  Tripicr 
further  recommends  a  return  to  the  practice  of  faradtc  anaesthesia  for 
slight  operations. 

Hydr&'EUctrhaiion, — Dr.  Beard  has  devised  a  method  of  apply- 
ing electricity  by  means  of  a  continuous  stream  or  jet  of  water  flowing 
from  a  metallic  lube — or  one  that  has  a  metallic  orifice — ^connccted 
with  one  pole,  while  the  body  of  the  patient  is  in  any  convenient  way 
connected  with  the  other,  A  jet  or  stream  of  water,  so  long  as  it  is 
not  broken  into  spray,  will  conduct  the  current  from  one-eighth  of  an 
inch  to  one  or  two  inches  from  the  orifice,  according  to  the  size  of  the 
stream,  to  any  part  where  it  may  be  applied.  Cottfrartions  of  muscles^ 
Ofid  ail  the  ^fftds  of  ordinary  hcaihed  decirhatUn  may  be  fhus  produced, 
•  Arcliivcs  of  Electrolugy  ami  Neurology*    Mny,  1S74,  \x  109. 
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This  iiicUiod  ofelectruationis  adopted  for  those  localities  where, 
account  of  the  natural  sensitiveness^  or  from  the  nature  of  the  tiiic 
ordinary  elecirodes,  by  their  mechanical  irriution^  cause  unbeiUftblc 
pain*  or  where,  for  anatomical  reasons,  ihey  cannot  be  ap^jticd. 

For  sup[>l>ing  a  continuous  Stream  of  water  we  use  an  ordinary  Mitf 
rubber  bag,  which  is  tilled  wilh  water  in  the  usual  way,  by  firft  cooi- 
pressing  ihe  sides  and  exhausting  the  air.    Connected  with  lliis  1 
u&e  silver  tubes  of  various  shapes  and  si/cSt  provided  with  small 
screws  for  making  the  connection  with  the  battery,  and  either  inMilited 
or  non-insukted,  according  to  the  special  purpose  at  hand. 

The  various  douches  that  are  used  for  the  cavities  of  ihe  body  oui^ 
be  utilized  for  the  same  purpose,  prwiiied  the  Itathtr  tu^s  art 
With  sptrah  of  win^  to  keep  up  the  cmnettion  of  the  <urrfnt^  itf  flB 
/ii^^i  Art  £ompostd  t>f  mctai  avd  insulatiiU 

On  this  princijilc,  arid  in  order  to  meet  the  same  iherapeutica!  ia* 
dications  for  which  ordinary  electrisation  is  employed^  applications  uiajr 
be  made  to  the  fxUnuil  audtt&ry  canal^  and,  in  cases  of  lupttire  or 
ulceration  of  the  nienibrana  tjnipani,  to  XX^t  mitidif  car^  by  a  slnu^t, 
insulated  lube,  or  by  the  ear-douche  ;  to  the  cot'jum/i'-a  by  a  sio^^ 
tube  or  by  the  ear-douche  ;  to  the  nasal  passage  t  by  (he  nasal  doi|^| 
or  metallic  posterior  nasal  syringe  ;  to  the/Z/a/j'wjr  and  «a7.u  ' 
spaa  by  a  properly  curved  tube  ;  to  the  stomach  by  the  storii, 
such  as  has  recently  been  used  by  Ploss,  of  Leipsic,  or  by  the  sioni^H 
pump  ;  to  the  bhddcrhy  the  bladder-douche  ;  to  the  i^agina  and  0tx^ 
the  vaginal  douche  i  and  to  the  cavity  pf  the  uterm  by  the  uterine 
douche ;  to  the  cai-itits  of  opened  ahs£€ss£s  /  to  stumps  that  arc  slow 
to  heal,  and  finally  to  all  irrifabtt  ulc<rs^  wherever  situated. 

Either  tile  galvanic  or  the  faradtc  current  may  be  used,  and  die  water 
may  be  pure  or  variously  nieditatetl.  Warm  water  crmducts  better  than 
cold,  and  is  therefore  preferable,  except  fnr  those  cases  where  the  tonic 
elifects  of  cold  are  indicated.  The  conducting  power  of  the  water  i& 
also  increased  by  (he  addition  of  common  salt^  anrt  various  medidnBl 
substances  which  are  ordinanlyused  for  the  treatment  of  the  coiMJitioM 
for  which  hydro-electrization  is  indicated,  and  may,  therelore,  be  proper- 
ly combined  with  it.  Potter's  hydro- therapeutic  contrivances  *rc  very 
convenient  for  the  purposes  of  hydro-elcctri^iatior, 

Ett^tr&'Medicatim. — Long  ago  it  was  contended  by  Fabi6  Palaprat, 
Orioli,  and  V'ergnes  thai  medical  subsiances  could  be  tniri'duce<l  into 
the  body  by  means  of  the  galvanic  curreni,  but  by  Ren>ak,  Rosenthal, 
Tripier,  and  others  their  statements  have  been  discredited.  From  o!ir 
experiments  it  would  seem  that  atropine  might  be  introduced  into  the 
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SjTStem  by  means  of  the  faradic  cuirent  in  sufficient  quantities  to  slight- 
ly affect  the  pupil 

Recently  Beer,  of  Vienna,  and  Von  Bruns  *  have  succeeded  in  intro- 
ducing iodine  into  the  dead  and  living  subject,  by  means  of  the  elec- 
trolysis of  iodide  of  potassium.  Vor  this  purpose  tUey  have  used  a  glass 
tube,  containing  a  solution  of  iodide  of  potassium  (i  to  i,  or  i  to  2), 
tightly  corked  at  one  end,  and  at  the  other  covered  with  cloth  or  a 
piece  of  bladder,  and  connected  through  the  cork  with  the  negative 
pole  of  the  galvanic  current  by  a  piece  of  platinum.  The  positive 
electrode  may  be  of  a  similar  construction,  or  an  ordinary  sponge  elec- 
trode. 

If  by  this  arrangement  an  application  be  made  through  the  face — an 
electrode  being  placed  on  each  cheek — for  a  few  minutes,  traces  of 
iodine  can  be  detected  in  the  saliva.  A  good  test  for  iodine  is  distti' 
phide  of  carboHy  which  will  delect  one  part  in  1,000,000  parts  of  water 
by  the  purple-red  color  which  it  produces.  Another  test  is  glycerine, 
which,  mingled  with  iodine  and  electrolyzed,  gives  a  dark -blue  or  black 
line.  The  electrolytic  introduction  of  iodine  has  bet  n  ustd  in  gland- 
ular siveliings  (as  goitre),  effusions  in  the  joints,  ptriostitiSy  and  with 
asserted  success,  after  simple  galvanization  has  failed.  We  have  ex- 
perimented in  this  direction  considerably  without  arriving  at  any  con- 
clusive results. 

The  difficulty  in  all  therapeutical  experiments  is  that  we  are  using 
simultaneously  two  remedies,  iodine  and  electricity,  both  of  which  are 
separately  efficacious  in  producing  absorption. 

Podalgia. — There  are  certain  obscure  painful  affections  of  the  feet 
that  appear  to  be  sometimes  of  a  nervous  character — a  kind  of  hyper- 
sesthesia — and  sometimes  appear  to  depend  on  actual  injury  of  the 
bones  or  tendons.  The  former  class — of  which  we  have  seen  several 
cases — ^are  really  medical  cases,  and  are  to  be  treated  by  central  and 
local  galvanization.  The  latter  are  surgical  cases,  and  are  to  be  treated 
by  local  applications. 

*  Die  Galvano-Chirurgie  oder  die  Galvanokaustik  uod  Elektrolysis  bei  chimrgischeii 
Krankheiten.    Tubingen,  1870,  p.  133  r/j^^. 
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£Mfla9'MhH  9f  tht  terms  wed  in  ELECTKO-THERAVBUTtcs  (HecUcal  and  Svgi 
cal),  ine!9$Mng  also  matg^  of  tJU  terms  of  Elbctro-Prtsics  and  Elbctko-Phtsi 
OLOGT. 

With  the  progress  of  the  study  of  Electrkity  in  its  relations  to  Physcs,  Fhyd- 
ology.  Practical  Medicine,  and  Surgery,  there  has  arisen  a  new  and  extensive  tenni* 
nology. 

The  terms  used,  especially  in  Electro-Therapentics  and  Electro-Physic^c^,  have 
been  introduced  by  different  observers,  in  various  countries,  and  In  different  lan- 
giuages,  and  are  all  necessarily  based  on  an  incomplete  knowledge  of  the  mysterious 
force  whose  phenomena  and  manifold  relations  they  aim  to  describe.  It  was  inevita* 
ble  that  a  nomenclature  devised  under  such  circumstances  should  be  more  or  lesi 
inaccurate  and  confused.  This  inaccuraqr  and  confusion  have  been  still  further 
faicreased  by  the  carelessness  of  writers,  who  have  misunderstood  and  misapplied 
these  term^  and  greatly  perverted  them  from  their  original  meaning.  It  would  be 
difficult  to  find  any  two  authors  who  enturdy  agree  in  their  use  of  terms,  even  of 
those  which  are  most  frequent  and  most  important ;  and  readers  who  are  not  thor- 
oughly familiar  with  all  branches  of  the  subject  in  the  various  languages,  and  with 
the  incorrect  as  well  as  the  correct  phraseology,  are  constantly  bewildered. 

It  is  believed,  therefore,  that  a  list  of  the  words  and  phrases  employed  by  writers 
on  Electricity,  which  should  present  their  original  and  derived  meanings  in  their 
various  combinations,  with  their  correct  and  incorrect  ^onymi,  would  be  of  service 
not  only  to  those  who  consult  this  volume,  but  to  all  who  occupy  themselves  with 
the  department  of  Electro-Therapeutics. 

The  need  foi  such  a  list  is  rendered  the  more  imperative  from  the  foct  that  many 
of  the  terms  it  includes  cannot  be  found  in  the  most  recent  dictionaries. 

The  terms  which  we  have  ourselves  intrtKluced,  or  to  which  we  have  given  a  new 
combination  or  attached  a  peculiar  ugnification,  an  designated  by  a  star  (*).  Tfct 
Ignres  refer  to  the  pages  In  the  present  work  where  the  terms  to  which  they  refci  an 
ifjlalnciil 
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4MALGAIIATI0N.  To  OOlipOtmd  iMicui'y  (quidfttber)  wiA  Mcdwr  nctaL  In  Electio-nyan,  thi 
term  is  uiiudljr  applied  to  tfie  covering  of  the  nnc  pUites  wiffa  mocunr.  bjr  first  poariog  omt  dca 
an  add  solution  and  then  dipjHng  them  in  menwTi  or  potning  it  over  than. 

ANn.fcCTitoTONo<t.   The  phase  of  diminuh*d  irritatUify  whidi  appears  at  Uw  poi^vc  pole  vhesi 

nerv<-  is  in  the  electrototuc  conditioa 
Animal  Elhctricity 

Amions,   In  electrdysis  the  dectro-posHin  wbatancca  dwt  go  id  the  cadiode  (Farmday) 

Anodx  (ftva,  upward,  and        way).  When  die  cvcrent  enten,  called  alao  p^titim  or  eafftrfA 

(Karaday). 
Antozoni 

ArpARATUs.  A  contrivance  or  oombmatian  fat  a  colabi  purpoae ;  often  oaed  ayncnyanrfy 
maehdi*  or  battery.  Stticdy,  however,  ^paratus  is  afpUed  only  lo  die  nnm  aigyfeooatrtTaact^ 
and  machine  to  the  more  conpIcK 

ARMATnua.  Ban  at  ket^rt,  iriiidi,  when  pboed  in  contact  widi  the  pole  of  a  macDC^  piCMnt  to 


AacxHDiNG.  From  perqibery  toward  the  oentce^  ftpplwd  eapeciaBy  to  dw  i 
Battbry  Cukkkkt  (see  Galvanic  Oirrent). 

Battery.  Elbctric  (or  galvanic).  A  »rita  of  Leyden  ju*.  or  (nwre  frequently)  eePa 
together.  The  term  is  applied,  however,  to  a  timgU  cdl,  and  inoonecdy  nbo  »  a 
apparatus. 

Bound  Elktrioty.  Electricity  in  dw  Leyden  jar. 

Catalysis  icaTflt,  and  Awnc,  from  Aim,  to  disengage).  The  abaotptiott,  and  dw  i 

fcfence  of  liquids  caused  by  die  chemical  action  of  ^filvaniecariiBt  (FfiitJ  Itisapaitani 

result  of  electrolysis. 
Catalvtic   Pertaining  to  catalysis. 

Catelbctrotonos.  The  phase  of«Kr«Mmf  ^rpif/«MUErwiudi  appears  at  daeM(aiiv«  pole  «Im  a 

nerve  ia  tn  the  eleecrotonie  condition 
Cathoem  (mt^  downward,  and  iMc,  way).   Wbere  die  cwient  passes  out ;  caDed  i 

QtuinefifiU 

Catioms.  In  electrolsrsis,  the  dectn>>Begative  substances  diat  9>  id  die  aaod*  (Fanwli^) 

Cbu.  (see  Element). 
Ckhtral  Galvankatioh  • 
Chemical  GalvanoOvutery  (see  Electrolysis). 

Chromoscopb  and  Chronograph  {xf^^o^t  time,  and  norctv,  to  oheerveX 

ing  and  recording  the  vdocity  of  the  nervous  force,  riectriri^,  etc 
Qrcls  Galtahic 

CuniNO  CbHTXAcnoics.  Contimcdons  produced  at  the  dosing  of  die  circaiL 

CORRCmVB  FORCS 

Coil  IsDUcnoH.   Rolls  of  wire  in  whidi  die  current  is  faidnced  Igr  die  abcmale  < 

of  the  circuit,  as  RhumkoHT's  ooit  (see  Induction). 
COMMtTTATOR.   An  arrangement  for  reversing  the  current 

CoNDBKSBR.  Au  apparatus  for  condensing  a  Urge  quantity  of  electricity  on  a  smaH  i 
CoNiwcTiHG  Wires.   The  wires  that  conduct  the  electricity  &om  the  machine  to  die 
CoNixjcnviTY  (or  conductibtlity}.  TTiat  f«operty  by  which  a  body  conducts  cloctrici^. 
Conductor.  That  which  conducts  electric!^.  Sometimes  used  for  tttctt  wrft. 
CtmsTANT  Current.  The  galvanic  current  from  elements  wtdi  two  liquids.  Tbe  i 

dwt  are  best  known  are  those  of  DaniaB,  Grovei,  and  Bunsen  and  die&r  Bodiftcatioas  (p^  sQ. 

implied  also  to  the /a/emMV£wrr«is/ in  general,  and  osed  synonymousfy  widi  «MeASvaMMb  kii 

sometimes  prefixed  to  galvanic  current  (constant  galvanic)  in  the  sense  of  mmimUrrm^Ud  ifm 

Galvanic  Current). 

CoMTiNUOUS.  Coosuntly  flowing  in  one  direction,  sometimes  used  in  the  same  sense 9B€m*tmmtm 
gnloamie.  Strictly,  it  should  be  applied  to  die  unintermpted  galvanic  cunent,  nnoe  Ae  foiadb 
cunent  is  always  intemipted  (see  Galvanic  CurrentX 

CrwTiHUOUl  Electrization.*  Tbia  tnnn  mii^t  appropriatdy  be  appbed  to  ^  pntadad 
lions  made  by  galvanic  disks,  belts,  chains,  poultioes,  9to.,  worn  on  die  body. 

Oontractilitv,  Electro-Muscular.  That  property  of  muscles  d»t  causes  then  to  contract  wbsa 
acted  upon  by  the  dectric  caneat  It  Is  to  be  distiaguished  fron  icritabili^,  iriudi  it  i 
BIsetro-muscular  iiriiabilUy  ai^  toott  In  moidBS  Aat  hava  lAoDy  lost  dwir  4 
•actOlty  (see  Irritability), 
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fa  At  (iill!ie^).ph)r  of  this  dcpxttmcat  uf  tertniiaolosy—Ur.  WPliam  "Vfhe^ba^Jifra^tM/tttBm,  m 
dfirived  firon  Faradxy^  wmild  1»  more  ronuAttqt  with  tmalocy  thui  ^ndiaciau*   Tbe  Uaer  hwMtt 
of  fprffipg  lh«  word  bv  the  cworolO  advatiufc^  thai  it  hiu  been  taag  us«d  and  U  libe  dUn  uoipl^ 
■ad  acoonliiij^y  wc  hav«  rculnoJ  ti  in  thii  work  And  in  all  oar  ceceut  writingk] 
^AHAtJO-COPtmcfltJTV.    Gflntractility  umJer  the  (andtc  COIKIlL 

FARADi>>EiJiCT|toi.rEATiON.*    The  sunultaiieou*  uic  of  ikradizadoD  and  ctectmlyiiLtioa. 
KAjLAOO-PUKCTtru.   -£lectt4-piJCUMu>«  With      £tmdic  current,  dot  much,  iucd, 
f  AiLUio-£LrscEj-rtULtTY,*   Su:>ccptibili  ty  ut  the  Fandic  cuirefit 
FlAmcUNlO    Pcrla.iiiiig;  to  »(aitic^  clKDndt/. 

KitAMKUNtUTiDM,   The  application  cf  mtaiicBj  elecorCdty* 

IVlCnoMAL  Ei^crmtCirV.     KIcClridF/'  stncr^lvd  by  fnction.    Il  a  Oae  form  uf  ivUdcai  elecbridty, 
vhich  LJ  the  wider  kjnu  iacliidina  dcctricity  e^jkeratcd  by  pmnirc  «r  cleavage  j  but  iL* 
we  used  lyDODymouily. 

GALVAHtc  ArrAUTus.   Appaj^tui  for  feuemini  aod  fUmulud^  tbe  xalvanic  outbiL 

Galvahic  Bkut 

Galvanic  Chain 

Galvamic  CltCLL  Two  metals  tn  ■  liquid*1be  gaJnuiIc  cFeincat,  pair  or  cell  m  or/um  u  caJIcd  atit 
■  cA^tut  or  ^AditM*   A  circle  qiay  be  rt»£df-^att  ccD  «f  patir  j  or  fwnr/PKPi.f-^MjvcmJ  joiped  b> 

G^LVAMiC  CUBKEMT.  A  cniTEiir  ^cncratdd  Xif  cbetnical  aCtiDn  and  coming  directly  fraiq  tbe  Cdl#  pflo^ 
or  butery  in  Which  il  a  eeneraied  ;  distiniptUhed  Irasi  the  finntdic  ouTenU  that  ts  indtaced  OB  i 
CGolgf  wires;  ctiitd        CMtiMmemtt  ^^luiMiit  th'tvct,  jkriimaFy^  CftrrtMiiiftk*jfiIt^intt*r^emr- 

OuLVAKtc  [<3f  Electrici  Disks 
Galvahic  Paik  {kc  EletoeDt}. 
Galvanic  pKS£Ajttits  (iotra-uteriacl 

GAiVANI^  PdULTECES 

GAt-VAMUkM^  Tilc  kdence  which  truEa  of  clectndry  ihxt  ansei  ^vm  dieaucal  action :  aHed  aSM)  iW 
Aitf  or  fiyni\mkaJ  electricity  or  Toltaiam,  Physicist*  are  of  late  iiidiaed  to.  prcler  the  temu  doivnl 
(roin  Volt»  »  Physiolojctsts  and  Phyftkiam  f^eoerally  nnploy  tlie  tumi  derived  frois  Oalvani, 

GAJ-VAHi^ATtdn     AflecUDg  by  appHcaijoa  oftbe  gudvanic  cutrcnu 

Galvanise.  To  a^ccI  by  apfilicatioa  of  the  gutoamc  curreat^,  enuwouiJy  applied  to  all  fonu  ol 
elKtrieatiijq. 

GAtVAMi<tT^    One  who  UK*  t^vanivm  (liulc  uied). 
Galvaho-cal>&tic  (Me  GalvUio-cauEeryj. 

Galvaxo-CAITtvism,    1  he  afjplioition.     the  gTilvano-eauterr  (hm  G^vano-akaimaMoa} 
GAt,VA;r«o-c,«uTEBi£ATiON.    I'lic  act      burning  or  Kanqf  by  a  Jion-OJrDdugting^win^  bAled  by  iba 
galvanic  curreat. 

GAt-VAHOHZAUTEitv.  Cauieriudon  by  a  jresiaEiDc  tnre  (usually  platiDUiiO  i  beated  by  cbf  (d<vwiic  Cw 
GAtTAWo-oswntACTiUTV,   Coniraetillty  under  the  gadvaak  cumsb 

GALTAMO-rAKAniATiON.*  The  $imM/fam*vnj  n^ipliauoa  of  die  falvanie  and  fandie  cumsitB, 
GalvaxoMbtkii  (of  multiplier).    An  iuatnimecil  for  deCermLning  tbe  prtfanx  and  dtrecdoa  and  mautu* 
iac  the  strenglh  of  a  correnL    It  ii  fret^iueatly  lUed  by  dectni-therapeulisb  tn  order  t9  ascertain 
the  dose  of  the  g:al\'aMk  euneat  that  they  w  giviag.     It  u,  bowwer,  noly  as  appnuimatdy  out" 
rect  smda 

GAt,yAT(0-^UMCTL;RL  Eteccror-pmicttin:  <Hiib  At  EfUvjuLle  current 

GALVAMoscQfR.  An  tDstmmcQt  bt  iodicatlag  tbejWjriU'rof  dynamkal  electricity  without  detemiiA> 
iirg  ill  amotmL 

GAtVAMO-ffintCBiv*  Theipplk«,ti«fiorihe  e^^meatrmtit  u  lurcery^  a  part  Dfeleciro^ntery. 

llALTAIK«UiCBirTtBU4"rT,*    Sutceptibitity  to  th«  galvanic  i^tneilt. 

CALVAHo-TRiWAPitin-ics.  The  applicAdoD  of  tbe  fii/iuj*j4f  current  id  therapeutic*,  ■  pan  of  eleitm 
tbempeudi^ 

GekULAL  Ej-aCTTitiATIOM  ■ 

GtytKRAL  FAfiAtM£ATJaH.*  lleneral  electrtcatioa  with  the  &ndie  euireot 
Oemuk:  GAUVAt'lZATiuH^*    General  etectriutioa  with  ibe  galvanic  cvrrvsit 
HiLLlXr   Tbe      oi  wim  nf  the  ekctTO-magnetK:  appvatua 

HmtTT-Ki  "-r  tizATiov<*  Tbe  mpplioidDA  of  decuki^  hy  Aeas*  (rf  water  u  u  deetuHl* 
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tifCiiKAsnco  CunnafT.*  An  ai^>Ucati(Mi  In  whidi  the  •treogth  of  the 

vidiout  breaking  the  current^  called  «bo  fiM/f^MV^vrrmA 
iMomacr  EucraizATioH 

Inducko  (or  Induction,  or  Inductive)  Cukbbkt.    A*  usuaUy  undcntood,  die  cncrcnt  k  Uaecd 

in  a  ooQ  of  wirei  from  another  coil  through  which  the  curreoc  pasaei.  Cuiraua  ouy,  bowem  ki 
induced  in  any  metallic  conductor  from  any  other  metallic  conductor  diat  ia  VAwmmA  bf  Aa  liifr 
tnc  current,  or  from  powerful  magnets,  or  from  the  magnetic  action  of  the  cartik 

iNDUaNG  CtmaEMT.  The  current  that  gives  riae  to  as  induced  cnneat 

iMDUcnox 

iNixrcTtvx  (see  Induced  Current). 

iKTBNsmr.   Strength  of  currents  erroneouily  used  for  tenaion. 
Ihutlatob  (or  Isolatot).  A  bad  conductor  of  electricity. 

iMStrLATKDb   Placed  <m  non-conducting  supports,  or  covered  with  some  noo-coodDcting  ** 
Intxrruptbd  CintRBNT.    Broken,  Intermitted.   The  Guadic  current  ii  necesaarily  intmiipwl  hy  ^ 
apparatus  that  generates  it.  The  galvanic  current  may  be  either  continuous  or  iai 

Intra-polar.    Between  the  poles 

Ions.   The  constituents  into  which  the  dectrolyte  is  decomposed 

laaiTABlUTY.  That  property  of  organized  substances  that  causes  theuk  to  rcspopd  CO  itiaiwl 
lutiTABiUTV,  ELSCTRO'Muscm.AR.  The  property  of  muscular  fibre  that  causes  it  to  be 

movement  by  the  electric  current   Electro-muscular  irriufaility  may  exist  without 

oontiactility ;  that  is,  the  musdes  may  quiver  or  be  spasmodically  excited  by  even  a  mild  caiiM^ 

even  when  they  ful  to  contract  under  a  very  powerful  current. 
bauTABiuTY,  Peimaxv,  Sbcomdasv,  ahd  TniTSARY.  Degrees  of  irritabaity  Aat  ate  obocrvcd 

a  stance  of  galvanization 

,  Labilk  Currbmt  (or  application).  An  ^^licatian  in  whidi  one  or  both  of  Ae  ekcirpdtia  is  aovad  m 
glided  over  the  surface. 

LavDKN  Jar.   A  glass  bottle  partially  coated  with  tinfoQ,  for  condennng  statical  dectricity. 

Local  Elbctruatioh.  Application  of  electricity  to  some  part  or  organ,  as  distmguished  frtn  g» 
eral  electrization,  in  which  the  application  is  made  all  over  the  body.  Z«M/ts  pcactically  syaaa^ 
mous  with  lecaiUtd  electrization,  although,  strictly  speaking,  localized  implies  diat  the  direct 
action  of  the  current  is  confioed  to  the  part  to  whidi  the  application  is  made^  while  local  does  »m 
suggest  any  such  meaning.  Aixording  to  this  distinction,  electrization  may  be  local  wixnoei 
being  neceasarily  localized.  For  the  sake  of  unifermity,  the  torm  tocslized  fans  been  gcoenny  ad- 
hered to  throui^iout  diis  wwk,  to  distinguirii  all  local  ^pphcatams  of  electticuy  C'"  Ia'SIbb4 
Electrizadoa). 

LckCArjxRD  Eluctrization  (p.  351}  (see  Local  ElectiixatioiO. 

tiACHiNK  (Electric  or  Electrical).  Any  medianical  oootrivance  diat  gaierates  any  form  of  ekc»rici«v : 
also  called  tUctrie  a^paratmss  but  stricdy  is  more  compiex  than  ^ipamcus.  lliua,  fpi  ea«w» 
we  have  Hdtz's  machine  for  statical  dectridty ;  Kidder's  machine  far  the  galnwc  aud  imdc 

currents,  etc. 

Machrtism.   The  power  which  certain  bodies  possess  of  attractmg  iras. 

Macnktization.    Ilie  act  of  magnetizing. 

Uachito-Elkctricity.  The  current  induced  by  a  magnet,  as  in  die  magnetO'dectric  or focaijafps^ 
tns.   It  is  one  form  of  the  fiuradic  current,  of  which  the  dectro-magncik  is  the 

Macnrtomrter.   An  instrument  for  measuring  magnetic  dedioatioQ. 

Macnbts.   Substances  diat  have  the  property  of  attracting  iron. 

MoLBCULBS.   The  mmute  partides  oi  which  bodies  are  composed 

Motor  Points.  Points  on  the  body  where  the  nerves  and  musdas 

tioo  ;  more  specific  than  dectricpcHnts.  which  is  a  general  term,  and  indadeaaUfaroMicI  vMcooaiB 
the  electric  currenL 

MuLTiruBR.   An  instrument  for  multiplyingor  incressing  «  lDrc»  asheai  or  sifictficliy.  TW<-is« 

applied  both  m  ihe/'<i/ctfwm«/rr  and  iM^rmo-mnUt^lur 
Nbgativb  Modificatioh 

Nbcativr  PoLB.  Where  the  current  passes  out ;  caUed  also  siisr>e/r  or  AsMp^.  The  tmnmi  ■  iii 

stronger  at  the  negative  than  at  the  positive  pole. 
^fRCATlvB  Variation 
Nkkve-Musclb  Currbmt 

OniNiNO  CoNTBAcnoMS.   CooumctiattsprDdnoadu  AeopcnBgof  ibsdradL 

UZONB 
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PAKAMACKBTUK.  Thatpfopotf  of  IoAm  by  whidi tfwy DMUMfatt  — gnetic  phwin—t  oppow 

cofwponcbiig  to  iroo 
tanrauAL  Elkctuzation.   Etoctriatiai  of  tlw  periphery. 

PnirOLAS  AUANCKMItNT 
FUX4.1IU  ASRANCBHBMT 

PuToniH  (orFlat^Ila}(fromSpallilhplftdlu^al*«r).  AinlriiiwdiailMirlcil  nmatAm, 

Puxu8<Nbrvk  Cukhbmt 
PoLAK.   Relating  bo  the  potes. 

PoLARtTV  OF  EuBCTRiciTv.  That  property  of  clactridty  hf  irtiidi  pemfcar  phctwmema  of  iha  poattim  aad 
negative  are  exhibited  at  certain  pointii  (p.  37).  PoUrily  of  a  nerve  i>  that  coodtlioa  of  a  oerw  by 
iritich  one  part  is  exhibidoc  a  positively  and  the  other  a  negatiTdy  dectric  ataiai. 

PoLAKiXAiLB.   Siiaoeptibit  of  pohiuation. 

PoLAKizATioM.  The  act  of  givioff  polariQr  to  a  body  m  batteriea 

POuui  Method.  The  method  of  application  by  which  the  distincdve  and  diffisraitial  actkm  of  cadi  pole  ii 
obtained,  by  placing  one  pole  over  the  part  to  be  aAecteA  and  iIm  othvin  aoow  adiAieDt  pomt ; 

caDed  also  unipolar, 
PouutizH.   To  comraunicato  polarity  to^ 
PouuaziKO.   Giving  pt^arity  to. 

PoLAKiziNC  CtniKSNT.   The  current  that  produoei  the  dectrotonic  condittaB. 

PoLBi.  Poinu  where  magnetiam  ia  concentrated,  or  where  tfw  electric  current  paiiee  in  or  ouL  Tin 
terms  /MiViovand  native  an  relative,  notabsohifee*  since  their  position  varies  widi  die  lelativt 
poulim  of  the  electrodes. 

Positive  Modification 

PusiTivK  Pole.    Where  the  current  enters,  called  also  copper  poU  or  an«<U 

Pbimakv  Current  or  Inducing  Current.  The  current  that  passes  through  the  inner  coil  of  wire  la  a 
bdix,  and  that  induces  a  ourent  on  the  cml  that  surrounds  it  (p.  6sX  Used  ctnaeously  as  aynoiiy- 
mous  widi  talvanie  or  constant  current. 

PsoTKACTED  Apflications.*  AppUcadoos  that  are  made  for  a  very  long  time.  Applications  of  gnl- 
vanic  belts^  disks,  and  poultices  are  protracted. 

i^UAUTV  OF  A  CuaRENT,  as  distinguished  from  quaodty  and  intensity,  refers  to  its  smoothness  or  harsh- 
ness, or  to  die  rapidi^  or  slowness  of  intemip^on. 

QUANTITY 

KtJHn*Ric  REAcnoM.  The  phenomena  devdoped  by  any  part  of  the  body  under  d»  influence  ol 

dectridty. 

Rfaction  (Galvanic).  (See  Electric  Reacttoo.) 
KnorHORE.    An  Electrode. 

RisttTANCS.  The  opposite  of  oonductiWty.  That  property  of  bodies  diat  makes  diem  ndiK  or  oppose 

the  passage  of  the  current 
Aevsksk  Oibbent  (see  Ascending  Current). 

RvnocoRD.   An  instrument  for  controlling  die  fluctuatkms  of  dm  cnncnL 

Khiuhotok  (see  Electromoioi}. 

Rhbotomk       T^itMtF,  tocut).  Acumnt  breaker 

Rhbostatb 

RoTAXv  Machinb.  Biagneto-dectrie  machines,  in  vrtudi  the  induced  dectrldqr  u  geneiatad  by  tatn- 
ing  acrank. 

SacsNDAav  Cuanirr.  The  fiuradic  current,  called  also  the  hittvmpttd^  indmtd^  imdmeHpt  tUeiw9- 
magMetlCf  /an^ie^  etc 

SiMSiBiUTV,  ELBCTM>-Mt;scvLAR.   The  peculiar  subjective  sensatioo  which  is  enperienoed  by  the  con- 

tractim  of  a  muscle  under  the  electric  currenL 
Shock.   A  suddoi  single  discharge  of  electricity,  such  as  is  given  from  a  Leydmjar,  or  apparatus  fas 

sutical  electricity. 

Stakk,  EuBcraic.  The  spark  diat  attends  die  discbarge  of  dectridty  on  tbe  passagf  of  dm  cnmni 
from  one  conductor  to  another.  * 

SriMAL-CoRD  CVRRKNT 

StriNAL-CoaD  MtrecLB  CtntKEMT 
5nNAL-CoRD  Nerve  Current 
Spinal-Cord  PLExira  Current 
SnNAL-CoRD  Root  Current  . 

Stablb  Current  (or  implication).    An  appBrarion  m  which  both  eleiuudee  are  kept  in  a  naarf 


Uhhoui  CUkumt.*  A  cuirat  th^t  i%  ke^tia  Uw 

nidilHitrDiJt  poijoJE. ;  caUu}  aUn  puUr  mclhfidi 

<BttifavlUMUek«]M«y«ttlttTqpndk!f  lbs 

Uhit 

UitroLAWABU;  Not  sMccptibk  of  t^ic  poliiML 

VoLTA-Et-HCTKiclKixJCTiosi  (cBc  Ifidqctna). 
Voltaic  Ali KUNATiiru.   CtuuigcsiD.  tbadiractkmof  tfacgil' 

Mctad  iritb  tiKc  copper  of  iM^Mr 

.-nuiK  (HvGatvniHi^   ft1ii|p  jirti  ftw  liiii  ir  nf  thf  r  i  if  n 

,^H|jd^J«M2K  MD  colwuA  htm 
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Arbrrviationr  in  Electn^therapeutics,  960 

Acute  diiteases,  650,  62S 

Adenitis,  71$ 

AditisonN  disease,  637 

Adjustable  electrode,  391 

After-efTecu  of  electrical  treatment,  994 

Acne,  509 

Rosacea,  5x0 
Ague,  637 

Amini's  researches  in  Animal  Electricity,  91 

Alopecia,  515 

Alcoholism,  chronic,  651 

Amalgamation  of  zinc.  35 

Amatirosis,  586 

Amb^opia.  586 

Amenorrhrca,  atq 

Prognosis  in,  534 

Cases  of,  534 
Ampere's  theory  of  Magnetism,  51 
Axuesthe^ia.  446 

Tactile  sensibility  in,  446 

Farado  scniiitnlity  in,  446 

Elcctro-diagnoxis,  44iB 

Prognosis.  4^9 

I'reatment,  448 

Cases  of,  449 
Anaesthesia,  cutaneous,  509 
Anesthesia,  electro,  1 10 
Anxsthe^a,  hystencal,  450 
Anatomy,  electro  phystnlu^'cal,  15:1 
Anatomy,  clectro-thertiapeuucal,  383 
Anelectrolonos,  101 
Anclectrotonos,  theory  of,  103 
Angiomata,  686 
Aneurism,  716 

Aneurism,  statistics  of,  treated  by  electricity,  717 

Cases  of,  718 
Angina  pectoris,  6t6 
Am,  prolapMis.  570 
Animal  electricity,  87 

History  of  its  discovery,  90 

Aldini's  researches,  91 

Humboldt's  researches,  90 

Du  Hois-Reymond'x  researches,  91 

Nobili's  researches,  91 

Matteucci's  researches,  91 

Apparatus  for  studying,  94 
Anosmia,  64s 

Cases  o(  646 
Apparatus  for  electro-Aerapeutics,  991 
Antnzone.  650 
Aphonia,  571 

lYognosis.  575 

Treatment  of,  573 

Cases  of,  576 
Applications  of  electricity,  caic  In  detafls,  340 

Time  of  day  for,  84a 

Time  of^  343 


Applications,  Frequency  irf^  344 

Prolonged,  345 

Combination  of  methods,  346 
Armatures  magnetic,  6 
Artilicial  magnets,  3 
Arlhritiii  nodosa.  488 
Artificial  respiration,  6i3 
Ascites,  644 
Aspemiatism,  563 
Asphyxia.  6t« 
Airthenopiu,  584 
Asthmx  496 
Astraphobia,  41$ 
Ataxia,  liKomotor,^  474 
Atrophy,  progressive  muscular,  478 

Cases  of,  479 
Auditory  nerve,  galvanization  of,  131 

Reaction  of,  593 

Normal  formula  oC  131 

Changes  nf  reaction  in,  599 

Hypenesthesia  of,  593 

Anesthesia  of,  593 

Bacteria,  action  of  electricity  on,  tg^ 
Baths,  electric,  395 
Baths,  electru-cneroical,  737 
Batteries,  galvanic,  30 

Wollaston's.  38 

Panicirs,  33 

Grove's,  33 

Itunsen's,  34 

Thermivelectric,  63 

Farmer's  thermo-electric,  64 

Cabinet,  309 

European,  ^sf* 

Becker- Muirbead,  338 

Marine,  ^9 

Callan's  iron-zinc,  38 

Gas,  31 

Polaruadtm  tn,  30 
Double-cell  constant,  3a 
Bunsen's  bichromate,  35  ' 
Walker's  single-cell,  35 
Smee's,  36 
Leclanch^'s,  37 
Water.  39 

Bed-sores,  736 

Belts  and  ctiains.  445 

Putvermacher's,  445 
Gah*anic,  445 

Benign  tumors,  686 

Bioscopy,  electro,  381 

Bladder,  diseases  of,  566 
Paralysis  of,  s6S 
Dissolution  01  calculi,  733 

Blepharos^sm,  586 

Blood,  action  of  electricity  oi^  164 

Branch  currents,  39 
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BtawSS,  3*0 

Vran,  aeiKH  offlhcttidtaroi^  m 
Bfcanv'a  iVfMiaiai»  3te 

C4MimbaiMnr,  $09 

.  by  alcctna^r* 


GKtmct.5S9 
Catarrh,  644 
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and  tocaliaMlcalmiiiMWk  A 

■ad  fcncnu  fimuwMni^  Sll# 

HiftOffTot  •S4 

iBtbetratMitoriUt 
CfptaUalgi^  430, 
CwwralcomcidoM,  4M 
Car^fO-tpiMd  lavar,  630 

Cholen  SifintinB,  545 

Laryngiainufl  atiiaului,  545 

Mansmas  and  detaiUly,  545 

IncoDtincnoe  of  orine.  M4 

Vooutins,  545 

Infandle  paralyiis  545 
Chloride  of  silver  battery,  yA 
Cholcra-infaatum,  551 
Chorea.  545 

Treatment  of,  545 

Pmgnoiis,  546 

CaMsoC  546 
ChromatoEenuUH  diseaMS,  514 
Chronic  alcfiholiiun,  651 
Cilio-spinal  centre^  115 
Circles,  galvanic  aa 
CirrhnRia  of  the  liver,  643 
Club-foot,  733 
Coil,  jmmarjr,  57 
Coils,  induction.  57 

KuhmkoHrs,  58 
Conduction,  the  convene  of  reuKtancc,  70 
Condenser  of  RuhmkorfiTs  coil,  59 
Congestion,  npinal,  43X 

CaMis  of,  433 
Consunt  batteries,  double-cell,  3a 
Coustipation,  nervous,  511 

PrognnsiN,  531 

Cases  of,  533 

Internal  ap[>lications  in,  533 
Contact  and  chemical  action,  theory  of,  43 
Contractt(»ns,  closure,  274 
Contractions,  opening,  274 
Coniraciions,  muscular,  497 
Contractility,  ctectro-muscular,  148 
Contractions,  diplegic,  379 

Galvano-ionic,  145 
Convalescence,  651 
Cough,  nervous,  578 
Couching  produced  by  electrinng  the 

tnc,  131 
Cornea,  opadtie*  of,  587 


Gawnl  pmSS  in 
Dow  ofdvcnitiqr*  i 


Duchetmc^s  iqifMumdHi  3*7^ 
Dynamical  clecuiutyf  tawMolimy  tt^  31 

DyspepHa,5i9 
DysmernKTboea,  s>9 

Membnuwus,  S37 

Due  to  spaxm  at  the  os  uteri,  539 
Dysphagia,  from  spauns  of  the  i^urynx,  497 
Dysphonia,  cases  o(  577 

Ear,  diseases  of,  590 

Internal  method  of  electrizatioD  o^  S9> 
Kxtemal  method  of  e)«ltrizatioa  s^a 
Elcctro-diagnosisof  the  diseases  of.  59* 
Middle,  chronic  suppuration  <^  6ot 
Middle,  subacute  inflammation  of,  601 

Kczema,  505 

EflTects  of  electrical  trcatownt,  how  10  judge  ^ 

the,  347 

Of  localized  dcctrizatioa,  343 

Of  general  fiiradization.  364 
Electrical  relation  of  elcmenls,  34 

Treatment,  afler-eficcta  358 
Electricity,  fricUonal,  8 

Statical,  8,  390 

Distribution  oC  11 

Magneto,  60 

Thermo,  63 

Animal,  Rcymond**  iheovy  o(  91 

Statical  use  of.  390 

Animal,  87 

Induced,  ST 

A  mode  of  motion,  37 

Franklintc,  8 

lyOSS  of,  9 

Polarity  of,  27 
Conversion  of,  into  heat,  39 
Nature  and  definition  a 
In  the  living  man,  93 
Action  of  on  the  skin.  105 

On  the  brain  and  spinal  cord,  tta 

On  the  sympadkeiic  aad 
trie  xt6 
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Klecbficity.  action  of  on  the  nerves  of  ipcdal  seme,  I 

128 

On  motor  and  sensory  nerves,  and 
voluntary  muscles,  141 

On  mvohiiitary  muscles,  158 
Effects  of  on  ntitntia«u  176  | 
MechanicsU.  phyMcal.  chemical,  and  physio 

logical  effects  of,  176 
EfTecis  on  secretion  and  excretion,  185 

Absorption,  188 
Reflex  effects  of;  188 
In  plants  and  fruits,  194 
('■cneral  therapeutical  action  of^  217 
Dose  of,  236 

Cumulative  action  of,  251 
Its  use  by  the  laity,  359 

Kishcs.  89 
Electric  marhines,  la 
Electric  lieht,  28 

Bath*.  3« 

KHects  of,  397 

Geneml  rules  for  givinff,  §glt 
Moxa,  3J3 

Explorer  or  probe,  734 

I)i«ks,  445 
Electrical  en<lusmo»t$,  179 
Electrization,  localized,  331 

History  i>t  207 

Rationale  of^  aax 

Instruments  for,  331 

With  moistened  electrodes,  339 

Details  uf  application  of^  3  45 

Of  pIcxuM:s,  nerves,  and  muscles,  341 

Effects  uf,  343 

In  itsrcLittnns  to  other  formsof  treatment,  758 

Direct  and  indirect,  333 
Electro-aiia:-thc4i.»,  110 
Electrochemical  l>ai)is,  737 
E!cctn>-liioscopy,  281 

Electro-conductivity  of  the  human  body,  168 

Electn>-diagno!tis  268 

Electro  Nensibility,  269 

Electro  muscular  contractility,  148 

Sensibility,  148 
Electro-dynamical  induction,  51 
Electro-tnagnetic  helix,  53 

Machines.  57 
Electro-magnetism,  51 
Electrodes,  ^ig 

Metallic,  333 

Uupolarizable,  335 

Moistened,  electrization  with,  33J 

Hrass  ball,  320 

Foot  plate,  347 

Uterine,  531 

Intm-utcnne,  531 

Reclal,  523 

Double  uterine,  531 

Vaginal,  533 

Catheter,  563 

Double  vesical,  567 

Adjustable,  331 

Care  of,  ^6 

Polarization  oC  31 

Universal  handle  for,  319 

Long  sponge,  330 

Hard  rubber  handle,  390 

Duchenne*s,  319 

Stationar)*.  331 

Spinal,  333 

Current  reverser,  334 
Etectro-raagnet  in  extraction  of  foreign  bodies  73fi 

Ncf^tfve.  38 
Electro-medication,  740 
Electro  motit-e  force,  6C 
Electro-muKuIar  lensibility,  148-372 
Electro-physics,  z 

Electrometer,  TlioiBpion'B  fiuadnnti  16 


Electro-pathology.  968 
Electro-physiol^y,  87 
Klectro-physiognomy.  133 
Electro-physiological  anatomy,  153 
Electro-surgery,  655 

History  of,  655 
Electro- therapeutics,  history  of,  198 

Apparatus  fur,  391 

Causes  of  failure  in,  374 
Electro- therapeutical  anabimy,  283 
Electrolysis,  definition  of,  45 

History  of,  45 

Terminology  of^  45 

L.1WS  of,  46 

Theorj'  oC  49 

Its  nature  Had  general  methods,  661 

Needles  fur.  666 

Of  living  and  dead  tissue.  180 

Of  the  base,  method  of  operating  by,  668 

Apparatus  for,  663 

Conductor  for.  664 
Electrolyzing  the  base,  667 
Electrophorus  15 

Electrophorus  machine,  Holti^s,  13 
Electroscope,  g'.ld  leaf,  15 
Electrotonos.  definition  of.  99 

Molcoilar  theory  of,  99 

Of  muscle,  103 

In  the  living  man,  to^ 

Practical  bearing  of  its  hws,  104 
Elephantiasis  5^4 

Elements  electrical  relations  of  the,  24 
Kndosmu^s,  electrical.  179 
Erectile  tiinuirs  686 
Epithelioma,  70a 
Epilepsy,  500 

Cases  oC  500 
Epileptiform  neuralgia,  434 

Cates  oC,  43s 
Exhaustion,  nervcius  404 
Exophthalmic  goitre,  630 
Extra  current,  56 
Extra-uterine  pregnancy.  605 
Eye,  diseases  of,  581 

Paralysis  of  the  muscles  of,  582 

Electrization  of,  581 

Prognosis  in  paralysis  of  the  muscles  of^  582 

Asthenopia,  584 

Amblyopia  and  amauiosis,  586 

Lid,  spasm  of,  586 
Eyelid,  cases  of  spasm  o(  587 
Eye,  opacities  of  the  cornea,  587 

Ptosis,  5B8 

Mydriaius  and  myosis,  588 
Neuro-retinitis 
Strabismus  $88 
Opacities,  vitreous  liimior,  jSy 
PhotophoDia,  587 
Cataract,  589 


Facial  neuralgia.  434 

Cases  of,  43s 
Facial  paralysis  467 

Cases  of,  468 
Facial  spasm,  497 

I'reatment  U,  497 
Farad.  66 

Faradic  current,  effects  of,  107 
Faradic  anesthesia,  738 
Faradic  and  galvanic  currents, 

of,  261 
Faradization,  era  of,  907 

Galvano.  966 

Dryer  cutaneous,  33a 
Faradization,  general,  347 

History  2ti 

Apparatus  for,  350 

Effects  oi^  364 


Fischer  on  electrization  of  the  sympathetic,  laj 

Fishes  electric,  89 

Fistula.  726 

Flatulence,  527 

Fibroids,  69S 

Force,  electromotive,  66 

Fothergill's  disease,  434 

Foveau\*5  batter)%  338 

Franklinization,  390 

Franklinic  electricity,  action  of,  107 

Kra  of,  199 
Fritsch,  ret^rches  of,  ita 
Franklin  izition,  methods  o(  39a 

Apparatus  for,  393 
Friction;tl  electricity,  8 
Frojtt-Ute,  729 
Furuncles  729 


Gaiftk,  batter>-  of,  327 
Galvani's  rckcart-hes,  43 
Galvanic  batteries,  30 
Galvanic  current,  effects  of,  109 
Galvanic  and  faradic  currents,  companttve  Talue 
of,  2C11 

Galvanic  hells  ind  disks  445 

Circuits  rom[ound,  28 

Circuits,  homogcneit}-  of^  33 
Galvanixin,  19 

Kariy  historj-  of,  43 

Kra  uf,  303 
Galvanization,  central,  376 

History  of,  314 

Of  the  head.  335 

Of  the  sympathetic,  336 

Of  the  pnciimogastric,  337 

Of  the  spine,  338 
Calvano-cautcT}-,  hi*tor>"  of,  673 

Apparatus  fur.  673 

Uses..f.  OBi 

Advantages  of,  681 

AdvaiiLi^cs  of,  over  the  actual  cautery,  673 

Burners  and  l  ulling-loups  for,  678 

Rido  for  the  nse  of,  683 

Atlaptaiion  10  various  departments,  683 

Hyme'-,  ''74 
Galvano-laradir  Mfg,  Co..  302 
Galvanic  np|Ktratus  Drescher's,  313 

Meyer  and  Meltzcr's  327 
Galvnno-punctiirc  in  sci:itica,  443 
f  lalv.'inoiiicier.  40,  113 

'l'li')niM)ii*s  rcriectinc.  41 
Gnlvnno  t'<ii:c  ritntraciions,  145 
<ialv;in<>»  "iic.  in 


I  General  and  localized  faradizatioa,  di 
^  dicatttins  for  the  u»e  of.  372 
General  therapeutical  action  of  dectri 
Gcnito-urinary  organs  diseases  of^  si 
Treatment  of^  5^ 
Electro-diagnoMSt  561 
Gleet.  568 

Glos^lar>-ngeal  paratysii,  464 
Glottis  spawn  of,  577 
Goitre,  691.  621 
GofiOTrhtea,  568 
<;out,  483 

Case  of.  488 

RheumntK,  488 

Treatment  of,  4S8 
Graves'  disease.  630 
GnnVs  batter^-,  33 
Gustatwy  nerve,  actioD  of  electricity 
Hairs  removal  of.  by  decmdysii,  51 
Hall's  Cradle  machine,  301 

T»ent>-ceU  battery,  315 
Hay-fever.  650 
Ha:matoceIe.  729,  541 
Hemorrhoids.  5^ 
Hand  as  an  electrode,  363 
Head,  g.ilvanization  ol,  335 
Headache.  430 

Prognosis,  430 

Cases,  431 
Heart,  ^h'anizauon  of,  itio 

Diseases  ol^  615 

Palpitation  of,  615 

Cues  of,  615 
Helix,  S3 
Hemiplegia,  463 

Cases,  463 
Hemorrhage,  pusl-partum.  604 
Herpes  zosier,  511 

Frontalis  seu  ophthalmicus,  511 
Hernia.  733 
Hiccough,  498 
Hip-joint.  733 

History  of  central  galvanization,  314 
Hislor>'  of  electro-incrapeuiics,  198 

General  faradizauon,  911 
Hitzig,  researches  oL  iia 
Humboldt's  researches  in  animal  decl 
Hydatids  of  liver  treated  by  elcctrolyi 
Hydrocele,  730 
Hydro-electrization,  739 
Hydrophobia,  498 
Hydros^tat.  302 
Hyperplasia,  uterine,  54a 
HvDOchondnasis.  409 
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Impotence,  electro-d'iagnosu,  561 

I'reiiunent  of,  561 

Case^  oC  563 
Incontinenw  or  unne,  551 
Induced  currents,  diflferent  orders  oC  54 

l*roperties  of.  60 
Inducuon  of  a  current  on  it>clf,  56 
Induction,  statical,  10 
Induction  coils^  57 

DifTerential  indications  for  the  use  of,  291 

Magnetic,  5 

Klectro- dynamical,  51 

Ilistury  uf.  62 
Infiuitile  pamly^iis,  553 

Kxanitnation  of  niuftdes.  55a 

Early  xymptoms,  553 

Klectro-iliagnoftis,  554 

Treatment,  555 

Prognosis  555 

Oi»cA,  556 
Inunity.  416 

Cases  of.  418 
InbLntttm,  cholera.  551 

Interruptions,  slow,  comparative  value  of,  330 
Inwmnia,  413 

Treatment,  413 

Olsc  oC  414 
Intensity  rv.  quantity,  68 
Intra-uterine  electrndc,  531 
Intermittent  fever,  637 
Irritation,  spinal,  408 
Isolation,  633 

Involunury  muwies,  action  of  electricity  on.  158 
Irritability,  restoration  of,  103 
DeiETces  uf,  136 

Ifnw  Ions  ret.'iined  afber  death,  14X 
Iris,  action  of  electricity  on,  138 
Invagination,  533 

Jar,  Ixyden,  16 
Jaundice,  331 

Keratitis,  587 

Kiddcr't  fimdic  apparatus,  cut  of,  995 
Galvanic  upiurutus,  305 
For  galvano-cautery.  675 
Rules  fur  the  use  and  care  of,  397 

Lactkal  secretion,  deficient,  604 
Larynx,  diseases  571 
Lar)*ngismus  ktrtdulus,  577 
Lary  nx,  external  electrization  of,  571 

AnzsthcKia  uf,  580 

Hyperesthesia  of,  579 
Lead  palsy.  453 
Leclinch^'s  battery,  37 
I^iicorrh'jea.  539 
I^ydenjrir,  16 

History  of,  17 
I^ucoderma,  514 
I^hcn,  509 

t^icalization  absolute  of  electricity,  impouible,  34s 
Light,  electric.  aS 
Ljver,  cirrhosis,  643 
Lightning,  fear  of,  415 
lipomata,  701 

Localized  faradization,  history  of.  207 

Galvanization,  history  of,  909 

Electrization,  3^1 

Instruments  for,  331 

Details  of  application  of^  335 

Effects  of,  343 
Localized  and  general  faradization,  differential  in> 

dications  for  the  use  of,  373 
Locomotor  ataxy,  474 

Kleciro-dugnosis,  47s 

Treatment,  476 

Prognosis,  475 


Locomotor  ataxy,  cases  ol^  477 
Lungs,  diseases  ol^  6t8 

Machimh,  electric,  Holtz's,  13 

Etectfu-magnetic,  57 
Magnet,  (.■ruening's,  731 
Magnets,  artificial,  3,  431 

Shape  of,  6 

Polarity  of,  3 
5fag.ietic  armature,  6 

Induction,  5 
Magnetism,  a 

Coulomb's,  theory  o^  4 

Of  rotation,  63 

Of  broken  magnets,  4 

Electro,  51 

Ampire's  theory  of^  51 

In  headache,  431 
Magnetization,  6 
Magneto-electricity.  60 

Electric  machines,  301 
Malignant  tumors.  686 
Marasmus,  550 
Maritime  battery.  39 

Matteucci's  researches  in  animal  electridtT,  91 

Melanoderma,  514 

Meyer  and  Mdtzer's  apparatus,  327 

Mammary  gl^nd,  di^ease^  ol^  604 

Mclanch(uia,>403 

Menorrhagia;  539 

Midwifery,  60a 

Migraine,  433 

Milliampcremeter,  330 

Milk,  deficient  secretion  of.  604 

Treated  by  electricity,  605 
Miscellaneous  medical  disease:*,  637 

Intermittent  fever,  6j7 

Addison's  disease,  637 

Suppression  of  urine,  640 

Diabetes,  641 

r>ropsical  emisions,  644 

llright's  disease,  644 

Catarrh,  644 

Anosmia,  €45 

Odontalgia,  647 

Hay  fever,  650 

Obesity,  651 

Cirrhosis,  643 
Morbus  coxarius,  733 
Motor  points  of  muscles,  383 

Nerves,  action  of  electricity  on,  141 
Mother's  nuirks,  686 
Moxa,  electric.  332 

Multiple  element  battery,  B>Tne*&,  674 
Muscle,  electrotonos  of,  103 
Muscular  atrophy,  progresssive,  478 
MuscuUr  ci>ntractions,  497 
Muscular  rheumatism,  486 

Treatment,  486 

Cases  of,  487 
Myal^a,  486 

Mydriasis  and  myosis,  588 
Myosis  and  mydriasis  588 
Myo-sdeiotic  paralyses,  progressive,  483 

NATrRK  of  electricity,  3 
Nacvi  trt-atcd  by  electrolysis,  687 
Neck,  applications  to.  353 
Needles  for  electrolysis  664 

Method  of  intmduang  for  electrolysis,  667 
Negative  modification,  loa 

Variati<m  of  the  muscular  current,  loi 
Nerves,  clectrizati.m  of,  341 
;  Nerve  muscle  airrent,  341 
Nervous  exhaustion,  404 

Cough,  S78 

Neuiasthenia,  404 

vs.  anaemia,  404 


Sciatica,  441 

Angina  pectoris.  616 

GaTvanic  belts  and  diiks  in,  445 

Cases  of  facial,  434 

Reflex^444 
Neuro-retiuitis,  588 
Neutral  lm«,  3 

Point,  I03 
NipplcA,  sore,  60c 
Nipple  shield,  nlvanic,  605 
Nnlnli's  reicarcncs  in  animal  electricity,  91 
Nutrition,  effects  of  electricity  on,  176 

Obesity,  651 
Oduiitalgin.  647 
(Kdcmu,  683 

<Kso|ihagU!s  stricture  of,  725 
Ohm'K  law,  65 

0|>iuiii  iMiiAi>ninE.  paralysis  from,  454 
OplithalmoM.fipic  examination  of  the  retina  in  | 

v;iiiizati«ii  ot  s^'mpaihctic,  124 
Opiic  ncr\-c,  .ictiun  of  the  galvanic  current  on. 
Orchitis, 

Case  of,  569 
Ovaries  irritation  and  congestion  of^  543 
Ovarian  tumors,  701 
Ozone.  647 

Physiological  and  therapeutical  effects 
649 

Ozonization,  galvano,  737 
Oxygen,  ozonized,  647 
Ozonized  oxycen,  647 

Oencrarpropcrties  oC  <548 

Paralysis,  45J 

Accessories  to  electrical  treatment  oC,  461 
I'imc  of  t>cf  inning  treatment  tn,  461 

Classification,  453 

Rheumatic,  452 

I*ail.  453 

Syphilim:,  451 

From  opium  [toisoning.  4S4 

Hysterical,  455 

CL-iiiral,  458 

Glnss<i-pliuryngeal,  464 

Spinal  sclcrosic,  474 

Infantile,  553 

Peripheral  467 

Facial,  467 

Frrmi  nrr^Mirc  Atn 


Poles,  how  to  distinguish,  307 


Potential  of  the  electric  cumnt,  A8 
Polarity  of  the  circuit.  33 
Polarity  of  magnets,  3 
Of  electricity,  87 
Polarization  of  electrodes,  31 
Post-i^artum  hemurrhage,  004 
Polypi,  703 

Positive  modification,  10a 
Polt'5  diseaxe,  7ja 
Primary  coiL,  object  of  the^iron  rate 
Primary  and  secondary  coils,  difiicrei 
144 

Probe,  electnc,  734 
Pityrians,  510 

Progressive  musCTitar  atrophy.  4^ 
Electi«>-diagnoRis,  47S 
Treatment.  476 
Case  of,  479 

Muscular  hypermiMiy,  483 
12S  Myo-sderosK  paralysis,  48a 

Prdapsus  uteri,  *'4a 
I  Ani,  570 

Prostate,  enlargement  of,  569 
I  Pruiigo,  508 
Psoriasis  5  to 
of,    Pseudo-hyprrtrophic  panlyua,  48a 
arthrosis,  733 
Ptosis,  588 

Qualitative  changes,  997 
Quantitative  dianges.  297 
Ottsntitv  of  die  electric  current.  74 

Absolute  and  actual,  74 
Quadrant  electiometer,  HKiiopvia*!! 

Raixxtffb,  Ds.  C  B.,  views  of  ann 

Reaction  trf^degeneratMo,  997 
Rectum,  scirrhus  of.  710 
Restorative  effisct  of  dectriatkm 

muscles,  158 
Remak  and  Duchenne,  aas 
Reflex  effecu  of  dectriciiy,  100 
Remak's  galvanic  annraius,  339 
Resistance,  8a 

£fiiscts  of  icnpcntm  on,  83 
Rectum,  diseases  oC  6a8 
I  Reflex  neuralflia.  ua 
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Rheostat,  4s 
RhiiiiliiL  644 
Kiiigworm,  513 
Kotntioti,  magnetism  of,  6a 
Rosacea*,  acne,  510 
Riihmlvortrjtcoil,  58 
Rubber  covers  for  conducting  wires,  315 

Sciatica,  cbks  of^  441 
ScirrhiiA,  70a 
Sctcmsis.  s[Hnal,  474 
Sea-sickness.  527 
Secondary  and  primary  coUs  diffiraitial  action  ol^ 
1*4 

Sclenderma.  513 

Sensory  nerves,  action  of  electricity  on,  141 
Seminal  emissitms,  559 
Sentibility.  electro-muscular,  148,  37s 
Sequelae  of  acute  dii^eascx.  628 

Cercbn>-spinal  meningitis,  630 

Diphtheria,  6a8 

Typhomalarial  fever,  633 

Sunstrukei  633 
Shaking  palsy,  494 
Shape  of  magnets,  6 

Shiirienmg  of  muscles  during  a  contraction.  146 
Siemens- Meidinger  battery,  338 
Siemens  rheosut,  317 

Single  coil  and  separate  coil  faradic  machinRs, 

31)7 

Sick  headache,  433 

Case  of,  433 
Singultus,  498 
Sinuses,  726 
Skin,  diseases  of,  50T 

Treatment  oS^  502 

Kczema,  505 

Prurigo,  508 

Ijchen,  509 

Anesthesia,  509 

Acne,  509 

Rosacea,  510 

PwriaMs,  510 

Pityriasis,  510 

Herpes,  511 

Ringw'orm.  5x3 

Scleroderma,  51) 

Chromatogenous  diseases,  514 

Leucodcnna,  514 

Melanoderma,  514 

Ktepltantiasis,  314 

Alopecia,  515 
Smee's  b.ittery,  36 
Solenoids,  5a 
Spark,  electric,  14 
Spasmodic  stricture,  734 
Spasmit  of  the  eydid,  587 

Facial, 
Spasmus  glottidis,  577 
Spasmodic  diseases,  490 
Spermatorrhcea,  559 
Sphincter,  paralysis  of,  570 
Sphymograph,  experiments  with,  135 
Spinal  congestion,  431 

Case  uf,  432 

Cord,  direct  electricatifai  of,  114 
Current,  341 
Root  current,  341 
Cord,  plexus  current,  341 
Nerve  current,  341 
Muscle  current,  341 
Cunniure,  73a 
Spinal  irritation,  408 

Differential  diagnosis,  408 
Pathology,  409 
Treatment  410 
Prognosis,  410 
Cases  410 


Spinal  Klerosic  paralysis,  47) 

Spine,  galvanization  uf,  338 

Spondylitis,  732 
j  Sprains  73» 
I  Stammenng,  499 
,  Statical  electricity,  390 
Induction,  10 
Era  o£  199 
Use  oC  390 

Stenosis  of  the  uterine  canal,  543 

StShrer.  apparatus  of,  327 

Stdhrer's  linc-carbon  uitiery,  328 

Stomach,  action  ofeiectndiy  on,  158 

Strabismus,  58B 

Strain,  731 

Stricture  of  the  urethra.  731 

Cases  of,  722 

Of  the  cesophagus,  735 

Spasmodic,  794 
Stunqis  after  amputation,  739 
Subinvolution  of  the  uterus,  539 
Suggestions  in  regard  to  the  thienipeutical  uses  of 

electricity,  226 
Superinvolution  of  the  uterus,  ^39 
Sympathetic,  action  of  electriaty  on  cranial  poi^ 
lion  of,  xt8 

Nerve,  action  of  electricity  on,  xi6 

Galvanization  o^  336 

Action  of  electricity  on  the  cephalic,  thondc 
and  abdomiiuil  ganglia  of^  119 
Sunstroke,  633 
Suppression  of  urine,  640 
Surgery,  electro,  655 

History  o^  655 
Synovitis  7a<) 

Ca»e  of,  739 
Syphilis,  569 
Taliks,  733 

Te.nperature  of  electrodes  and  operating-room,  343 
Increase  of.  after  clectrisstiott,  149 

Tension  of  the  electric  current,  68 

Tetanus  498 

Thermo*electricity,  63 

Electric  batteries,  63 

Thomas  on  extra-uterine  pregiumcy,  605 

Thomson's  uuadrant  electrometer,  16 

Throat,  applicatbns  to,  in  general  faradiniion, 
253 

Tk- douloureux,  434 
Tinnitus  aurium,  597 

Galvanization  of  sympathetic  in,  598 
Tonics,  definition  of,  218 
Tonic  effects  of  electricity.  218 

In  general  faradtrauon,  364 
Toodiache,  647 
Torticollis.  492 

Diagnosis  of,  49s 

Electric  examination  of,  493 

Treatment  of,  493 

PtognoMS,  493 

Cases  of,  493 
Trowbridge,  experiments  of,  95 
Trocar,  Duchenne's  553 

Noieggerath's  553 
Tsdiiriew,  on  cutaneous  excitability,  in 
Tubercula  quadrigemina,  ducct  elcctriiatioD  o( 
124 

Tumors,  removal  of,  by  galvano-caulery,  683 

Non-malignantt  606 

Erectile,  6»6 

Malignant,  686 

Cystic,  693 

Fatty,  701 

Uvarian.  701 
IVpho- malarial  fever,  sequeUe  of,  63a 
Ulcbks,  736 
Unit,  6s 


Anienexion  oi.  542  |  wan  K,  733 

Retroflexion  of,  542  Water  rheostat,  317 

Retroversion  of.  542  \Ve«lcy,  Mr.,  201 

Anlcversion  of,  54a  Wire*,  oonducdngt  rubber  cover  for,  3 

Amputation  o(  neck  of,  by  galvano<autery,  I  Whooping-cough,  551 

684  I  WolUston's  battery,  38 

Congestion  ot,  543  [  Women,  diseases  of,  529 

Displacement  ol^  543  1  Writei's  cramp,  490 

Atrophy  oC  541  - '  Wry  neck,  493 

Fibroids  of,  698  | 

Uteri  prolapsus,  cases  of,  54a  1  Zincs,  how  to  amalgamate,  a6 


LANE  MEDLCAL  LIBRARY 


To  avoid  6ne,  this  book  should  be  returned  on 
or  before  the  date  last  stamped  below. 


U871 


Beardy  Gf.Ll.  ledical  an 


B366  surgical  usee  of  elec 
lagg    tricity,  10508  


NAME 


DATE  DUB 


r 


